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MI L- STD- 1 4720 
FOREWORD 

1.  This  Military  Standard  has  been  approved  for  use  by  all  Departments 
and  Agencies  of  the  Department  of  Defense. 

2,  Beneficial  comments  (recommendations,  aiplditidns,  deletions)  and  any 
pertinent  data  which  may  be  of  use  in  improving  this  document  should  be 
addressed  to:  Commander,  US  Army  Missile  Command^  ATTN:-  AMSMI-RD-SE-TD-ST, 
Redstone  Arsenal,  AL  35898-5270,  by  using  the  self-addressed  Standardization 
Document  Improvement  Proposal  (OD  Form  1426)  appearing  at  the  end  of  this 
document  or  by  letter. 

3.  This  standard  establishes  general  human  engineering  criteria  for 
design  and  development  of  Military  systems,  equipment  and  facilities. 

Its  purpose  is  to  present  human  engineering  design  criteria,  principles  and 
practices  to  be  applied  In  the  design  of  systems,  equipment  and  facilities 
so  as  to: 

a.  Achieve  required  performance  by  operator,  control  and  maintenance 
personnel . 

b.  Minimize  skill  and  personnel  requirements  and  training  time. 

c.  Achieve  required  reliability  of  personnel -equipment  combinations. 

d.  Foster  design  standardization  within  and  among  systems. 

4,  This  standard  does  not  alter  requirements  for  system  development 
participation  of  human  engineering  specialists  to  interpret  and  implement 
these  practices  and  to  provide  solutions  to  human  engineering  problems  which 
arise  and  which  are  not  specifically  covered  herein. 

5,  The  use  of  the  words  “shall,"  "should,"  “may,"  and  "will"  in  this 
standard  is  in  accordance  with  MIL-STO-962,  wherein  “shall"  expresses  a 
provision  that  is  binding,  "should"  and  “may"  express  nonmandatory  provisions, 
and  “will"  expresses  a  declaration  of  purpose  or  simple  futurity. 

6.  Requirements  herein  are  expressed  in  the  International  System  of  units 
(SI).  As  a  convenience,  the  metric  units  are  accompanied  by  their  approximate 
customary  system  equivalents  (in  parentheses).  Angular  measure  is  expressed 
in  radians  or  mi  1 1  i radi ans ,  except  for  45®,  90®,  180®,  360®,  etc.,  vdiich  are 
shown  as  multiples  or  divisions  of  t  radians. 
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HUr4AN  ENGINEERING  DESIGN  CRITERIA  FOR  MILITARY 
SYSTEMS.  EQUIPMENT  AND  FACILITIES 


1.  SCOPE 


1.1  Scope.  This  standard  establishes  general  human  engineering  design 
'  criteria  for  military  systems,  subsystems,  equipment  and  facilities. 

^•2  Purpose.  The  purpose  of  this  standard  is  to  present  human  engineering 
design  crTterTa,  principles,  and  practices  to  achieve  mission  success  through 
Integration  of  the  human  into  the  system,  subsystem,  equipment,  and  facility, 
and  achieve  effectiveness,  simplicity,  efficiency,  reliability,  and  safety  of 
systan  operation,  training,  and  maintenance. 

^•3  Application.  This  standard  shall  be  applied  to  the  design  of  all 
systems,  subsystems,  equipment  and  facilities.  Nothing  in  this  standard  shall 
be  construed  as  limiting  the  selection  of  hardware,  materials,  or  processes  to 
the  specific  items  described  herein.  Unless  otherwise  stated  in  specific 
provisions,  this  standard  is  applicable  to  design  of  systems,  subsystems, 
equipment  and  facilities  for  use  by  both  men  and  women.  This  standard  is  not 
intended  to  be  a  criterion  for  limiting  use  of  materiel  already  in  the  field 
in  areas  such  as  lift  repetition  or  temperature  exposure  time.  Where  the 
procuring  activity  establishes  use  by  male  personnel  exclusively,  the 
following  paragraphs  arc  changed  as  noted  below; 
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female,  male  . 

1.780  m  (70  inches) 
1.650  m  (65  inches) 

1.780  m  (70  Inches) 
1.350  m  (63  inches) 
530  mm  (21  inches) 
380  mm  (IS  inches) 
1.170  m  (46  Inches) 
890  mm  (35  inches) 
530  mm  (21  inches) 
860  mm  (34  inches) 
740  ram  (29  inches) 
685  mm  (27  inches) 


To 


(delete) 

700  mm  (28  In) 
delete) 
delete) 

(delete) 

1.880  m  (74  inches) 
1.750  m  (69  inches) 
1.880  m  (74  inches) 
1.450  m  (57  inches) 
560  mm  (22  inches) 
400  tnm  (16  inches) 
1.220  m  (48  Inches) 
940  mm  (37  inches) 
560  mm  (22  Inches) 
890  mm  (35  inches) 
760  mm  (30  inches) 
750  ram  (29,5  inches) 
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Table  XX 

A1 

A3&4 

B1 

B344 

Figure  30 

G 

H 

Figure  36 

B-Max 

5. 7. 7. 1.2 

5 

5,9,11.4.1 

5-7 

1.170  m  (46,0  1n) 
1.335  m  (52.5  in) 
1.435  m  (56.5  in) 
1.535  m  (60.5  in) 
520  mm  (20.5  in) 
620  mm  (24.5  In) 
150  mm  (6  in) 

190  mm  (7.5  in) 

380  mm  (15  inches) 
13  kg  (29  lbs) 


1.210  m  (47.5  in) 
1.370  m  (54.0  in) 
1,470  m  (58.0  in) 
1.570  m  (62.0  in) 
560  ram  (22.0  in) 
660  ram  (26,0  in) 
125  mm  (5  in) 

165  mm  (6.5  in) 

410  mm  (16  inches) 
18  kg  (40  lbs) 


(Delete  second  and  third  sentences) 


force  limits.  If  it  is  known  that  an  item  is  to  be  used  by  an  already 
established  miHtary  occupational  specialty,  for  which  physical  qualification 
requirements  for  entry  Into  that  specialty  are  also  established,  any 
discrepancy  between  the  force  criteria  of  this  standard  and  the  physical 
qualification  requirements  shall  be  resolved  in  favor  of  the  latter.  In  this 
event,  the  least  stringent  physical  qualification  requirement  of  all 
specialties  which  may  operate,  maintain,  transport,  supply,  move,  lift  or 
otherwise  manipulate  the  item.  In  the  manner  being  considered,  is  selected  as 
a  maximum  design  force  limit.  If  such  physical  qualification  requirenents  for 
entry  into  a  specialty  do  not  cover  the  task  addressed  by  the  criteria  herein, 
the  criteria  herein  shall  govern, 

1,5  Manufacturing  tolerances,  Wien  manufacturing  tolerances  are  not 
percepHble  to  the  user, "this  standard  shall  not  be  construed  as  preventing 
the  use  of  components  whose  dimensions  are  within  a  normal  manufacturing  upper 
or  lower  limit  tolerance  of  the  dimensions  specified  herein. 
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2.  APPLICABLE  DOCUMENTS 


2.1  Government  documents. 

2.1.1  Specifications,  standards,  and  handbyks.  The  following  specifica¬ 
tions,  standards,  and  hancifeooks  form  a  part  ot'this  document  to  the  extent 
specified  herein.  Unless  otherwise  specified,  the  issues  of  these  documents 
are  those  listed  in  the  issue  of  the  Department  of  Defense  Index  of 
Specifications  and  Standards  (OOOISS)  and  supplement  thereto,  cited  in  the 
soli cation  (see  6.2). 

SPECIFICATIONS 

MILITARY 

HIL-W-5044  Walkway  Compound,  Nanslip,  and  Walkway  Matting,  Nonslip 

HlL-W-6050  Walkway  Coating  and  Hatting,  Nonslip,  Aircraft 
Application  of 

HlL-L-5667  Lighting  Equipment,  Aircraft  Instrun»nt  Panel,  General 
Specification  for  Installation  of 

HIL-P-7788  Panels*  Infomation,  Integrally  Illuminated 

HiL-A-0806  Acoustical  Noise  Level  in  Aircraft,  General  Specification 
for 

MtL-S-008806  Sound  Pressure  Levels  in  Aircraft,  General  Specification 
for 

HlL-S-9479  Seat  System,  Upward  Ejection,  Aircraft,  General 
Specification  for 

MIL-M-18012  Harkings  for  Aircrew  Station  Displays,  Design  and 
Configuration  of 

MIL-S-18471  System,  Aircrew  Automated  Escape,  Ejection  Seat  Type: 
General  Specification  for 

HIL-A-23121  Aircraft  Environmental,  Escape  and  Survival  Cockpit 
Capsule  System,  General  Specification  for 

HIL-T-23991  Training  Devices,  Military,  General  Specification  for 

MlL-C-25050  Colors,  Aeronautical  Lights  and  Lighting  Equipment, 
General  Requirements  for 
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MIL-L-25467 

MIL-C-25969 

STANDARDS 

FEDERAL 

FED-STD-515/17 

FED-STD-595 

MILITARY 

MlL-STD-12 

MlL-STD-129 

MlL-STD-130 

MlL-STD-195 

MIL-STD-203 

MIL-STD-250 

MIL-STD-280 

MlL-STD-411 

MIL-STD-415 

MI!  -  STD-454 
r  -STD-490 
MIL-STD-681 

MIL-STD-740-1 


Lighting,  Integral,  Red,  Aircraft  Instrument,  General 
Specification  for 

Capsule,  Emergency  Escape  System,  General  Specification 
for 


Outside  Rearview  Mirror(s)  for  Automotive  Vehicles 
Col ors 


Abbreviation  for  Use  on  Drawings,  Specifications, 
Standards,  and  in  Technical  Documents 

Marking  for  Shipment  and  Storage 

Identification  Markings  of  U.S.  Military  Property 

Marking  of  Connections  for  Electric  Assemblies 

Aircrew  Station  Controls  and  Displays  for  Fixed  Wing 
Aircraft 

Aircrew  Station  Controls  and  Displays  for  Rotary  Wing 
Ai rcraf t 

Definitions  of  Item  Levels,  Item  Interchangeability, 
Models  and  other  related  Terms 

Aircrew  Station  Signals 

Test  Provisions  for  Electronic  Systems  and  Associated 
Equipment,  Design  Criteria  for 

Standard  General  Requirements  for  Electronic  Equipment 
Specification  Practices 

Identification  Coding  and  Application  of  Hookup 
and  Lead  Wire 

Airborne  Sound  Measurements  and  Acceptance  Criteria 
of  Shipboard  Equipment 
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MIL-STD-783 

Legends  for  Use  In  Aircrew  Stations  and  on  Airborne 
Equipment 

MIL-STD-850 

Aircrew  Station  Vision  Requirements  for  Military 

Aircraft 

MIL-STD-1179 

Lamp,  Reflectors  and  Associated  Signalling 

Equipment  for  Military  Vehicles 

MlL-STD-1180 

Safety  Standards  for  Military  Ground  Vehicles 

MIL-STD-1247 

Markings,  Functions  and  Hazard  Designations  of  Hose, 
Pipe,  and  Tube  lines  for  Aircraft,  Missile  and  Space 
Systems 

MlL-STO-1280 

Keyboard  Arrangements 

MIL-STO-1294 

Acoustical  Noise  Limits  in  Helicopters 

MIL-STD-1333 

Aircrew  Station  Geometry  for  Military  Aircraft 

MIL-STD-1348 

Knobs,  Control,  Selection  of 

MIL-STD-1473 

Standard  General  Requirements  for  Color  and  Marking  of 
Army  Materiel 

MIL-STD-1474 

Noise  Limits  for  Army  Materiel 

MlL-STD-1787 

Aircraft  Display  Symbology 

HANDBOOKS 

MILITARY 

DOD-HDBK-743 

Anthropometry  of  US  Military  Personnel 

MIL-HDBK-759 

Human  Factors  Engineering  Design  for  Army  Materiel 

(Unless  otherwise 

indicated,  copies  of  federal  and  military  specifications 

standards  and  handbooks  are  available  from  the  Naval  Publications  and  Fortits 
Center  (ATTN;  NPOOS),  5801  Tabor  Avenue.  Philadelphia.  PA  19120-5099.) 

2.1.2  Other  Government  documents,  drawings,  and  publications.  The  following 
other  government  documents.  draw'Ings  and  publications  form  a  part  of  this 
document  to  the  extent  specified  herein.  Unless  otherwise  specified,  the 
issues  are  those  cited  in  the  solicitation. 
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PUBLICATIONS 

NAVY 

OPNAVINST  5100. 23B  Hearing  Conservation  Program 

AIR  FORCE 

AFR  161-35  Hazardous  Noise  Exposure  (Regulation) 

FEDERAL  REGULATION 

29  CFR  1910  Occupational  Safety  and  Health  Standards 

(Copies  of  other  government  documents,  drawings,  and  publications  required 
by  contractors  in  connection  with  specific  procurement  functions  should  be 
obtained  from  the  procuring  activity  or  as  directed  by  the  contracting 
officer.) 

2.2  Non -Government  publications.  The  following  document(s)  form  a  part  of 
this  document  to  the  extent  specified  herein.  Unless  otherwise  specified,  the 

issues  of  the  documents  which  are  OoO  adopted  are  those  listed  in  the  issue  of 

the  DODISS  cited  In  the  solicitation.  Unless  otherwise  specified,  the  Issues 

of  documents  not  listed  in  the  OOOISS  are  the  Issues  of  the  documents  cited  in 

the  solicitation  (see  6.2). 

Human  Engineering  Guide  to  Equipment  Design,  1972  Edition 

(Application  for  copies  should  be  addressed  to  the  Superintendent  of 
Documents,  US  Goverrenent  Printing  Office,  Washington,  DC  20402) 

AMERICAN  CONFERENCE  OF  GOVERNMENTAL  INDUSTRIAL  HYGIENISTS  (ACGIH) 

Threshold  Limit  Values 

(Application  for  copies  should  be  addressed  to  the  ACGIH,  1014  Broadway, 
Cincinnati,  OH  45202.) 

AMERICAN  NATIONAL  STANDARDS  INSTITUTE  (ANSI) 

ANSI  Sl.l  1960  Acoustical  Terminology 

ANSI  SI. 4  Sound  Level  Meters 

ANSI  SI, 6  1967  Preferred  Frequencies  and  Band  Numbers  for 

Acoustical  Measurements 

ANSI  S3.2  1960  Monosyllabic  Word  Intelligibility,  Method  for 

Measurement  of 
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ANSI  S3. 5  1969  Articulation  Index,  Methods  for  the  Calculation  of 

(Application  for  copies  should  be  addressed  to  the  American  National 
Standards  Institute,  Inc.,  1430  Broadway,  New  York,  NY  10018.) 

AMERICAN  SOCIETY  FOR  TESTING  AND  MATERIALS  (ASTM) 

ASTM  E  380-84  Metric  Practice,  Standard  for 

ASTM  F  1166-88  Standard  Practice  for  Human  Engineering  design 

Criteria  for  Marine  systems  equipment  and  facilities 

(Application  for  copies  should  be  addressed  to  the  American  Society  for 
Testing  and  Materials,  1916  Race  Street,  Philadelphia,  PA  19103.) 

INTERNATIONAL  STANDARDIZATION  ORGANIZATION  (ISO) 

ISO  OIS  2631  Guide  to  the  Evaluation  of  Human  Exposure  to 

Whole  Body  Vibration 

(Application  for  copies  should  be  addressed  to  the  American  National 
Standards  Institute,  Inc,,  1430  Broadway,  New  York,  NY  10018.) 

SOCIETY  OF  AUTOMOTIVE  ENGINEERS  (SAE) 

SAE  0925  Minimum  Access  Dimensions  for  Construction 

and  Industrial  Machinery 

(Application  for  copies  should  be  addressed  to  the  Society  of  Automotive 
Engineers,  400  Commonwealth  Drive,  Warrendale,  PA  15096-0001.) 

(Non-Government  standards  and  other  publications  are  normally  available  from 
the  organizations  that  prepare  or  distribute  the  documents.  These  documents 
also  may  be  available  in  or  through  libraries  or  other  informational  services.) 

2.3  Order  of  precedence.  In  the  event  of  a  conflict  between  the  text  of 
this  document  ano  the  references  cited  herein,  the  text  of  this  document  takes 
precedence.  Nothing  in  this  document,  however,  supersedes  applicable  laws  and 
regulations  unless  a  specific  exemption  has  been  obtained. 
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3.  DEFINITIONS 

3.1  Abort.  A  capability  that  cancels  all  user  entries  in  a  defined 
transaction  sequence. 

3.2  Accessible.  Except  where  stated  to  the  contrary  herein  or  where 

specific  design  values  are  given,  an  item  is  considered  accessible  only  where 
it  can  be  operated,  manipulated,  removed  or  replaced  by  the  suitably  clothed 
and  equipped  user  with  applicable  6th  and  95th  ■percentile  body  dinensions. 
Applicable  body  dimensions  are  those  dimensions  which  are  design-critical  to 
the  operation,  manipulation,  removal  or  replacement  task,  (For  example,  an 
adjustment  control  behind  an  aperture  should  be  located  sufficiently  close  to 
the  aperture  to  enable  a  suitably  clothed  and  equipped  user  with  a  5th 
percentile  female  depth  of  reach  to  grasp  and  manipulate  the  adjustment 
control,  while  the  opening  should  be  sufficently  large  to  enable  .passage  of 
similarly  clothed  and  equipped  95th  percentile  male  hand  and  arm  dimensions. 
See  5.6.1 .)  ' 

3.3  Advisory  signal.  A  signal  to  indicate  safe  or  normal  configuration, 
condition  ol'  perfomance,  operation  of  essential  equipment,  or  to  attract 
attention  and  impart  information  for  routine  action  purposes. 

3.4  Angle  of  incidence.  The  angl e • between  the  line  of  direction  of 
anythi ng~ra^"a 'ray  of  light  or  line  of  sight)  striking  a  surface  and  a  line 
perpendicular  to  that  surface  drawn  to  the  point  of  contact. 


3.6  Backup.  A  capability  that  returns  a  user  to  the  last  previous  display  in 
a  def i net!  transaction  sequence.  Also  refers  to  the  practice  of  preserving  a 
second  copy  of  files  for  data  protection  purposes. 

Cancel .  A  capability  that  regenerates  or  re-initial  126$  the  current 
display  without  processing  or  retaining  any  changes  made  by  the  user. 
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3.7  Caution  signal .  A  signal  which  alerts  the  operator  to  an  impending 
dangerous  condition  requiring  attention,  but  not  necessarily  Immediate  action. 

3.8  Command  and  control  system  equipment.  The  main  mission  element 
equipment  and  related  ground  equipment  used  in  collecting,  transmitting, 
processing,  and  displaying  information  for  command  and  control. 

3.9  Coimnand  language.  A  type  of  dialogue  in  which  a  user  composes  control 
entries  with  minimal'  p'rompting  by  the  computer. 

3.10  Common  hand  tools.  Items  of  tools  found  in  common  usage  or  applicable 
to  a  variety  of  operations  or  to  a  single  operation  on  a  variety  of  material. 
Screwdrivers,  hammers,  and  wrenches  are  examples  of  common  hand  tools. 

3.11  Control  entry.  User  input  for  sequence  control,  such  as  function  key 
actuation,  menu  selection,  command  entry,  etc. 

3.12  Data.  The  raw  materials  from  which  a  user  extracts  information.  Data 
may  include  numbers,  words,  pictures,  etc. 

3.13  Data  display.  Output  of  data  from  a  computer  to  its  users. 

Generally',  the  phrase  denotes  visual  output,  but  it  may  be  qualified  to 
indicate  a  different  modality,  such  as  an  "auditory  display." 

Data  entry.  User  input  of  data  for  computer  processing  and  computer 
responses  to  sucn  i nputs . 

3*15  Data  field.  An  area  of  the  display  screen  reserved  for  user  entry  of 
a  data  ileiru 

Data  itCT.  A  set  of  characters  of  fixed  or  variable  length  that  forms 
a  single  'unit  of  data.  Examples  of  a  data  item  might  be  a  person's  name  or  a 
ZIP  code.  Data  items  may  be  entered  by  a  user  or  may  be  supplied  by  the 
computer. 

3.17  Data  protection.  Functional  capabilities  that  guard  against 
unauthorized'' dat'a  access  and  tampering,  user  errors,  and  computer  failure, 

3.18  dB(A).  The  unit  used  to  express  sound  level  measured  through  the 
A-weighting  network  of  a  sound  level  meter. 

3.19  Decibel  (dB).  See  para  3.58. 

3.20  Pe»emphasis.  The  inverse  of  pre-emphasis,  employed  for  the  purpose  of 
restoring  originat  vowel -consonant  amplitude  relationships  in  pre-emphasized 
speech;  primarily  useful  in  maintaining  the  "natural"  sound  quality.  (See 
pre-emphasis.) 

3.21  Default  value.  A  predetermined,  frequently  used  value  for  a  data 
field  or  control  entry,  intended  to  reduce  required  user  entry  actions. 
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3.22  Dialogue.  A  structured  series  of  interchanges  between  a  user  and  a 
computer  terminal.  Dialogues  can  be  computer  initiated,  e.g.,  question  and 
answer,  or  user  initiated,  e.g.,  command  languages. 

3.23  Dichotic.  The  condition  in  which  the  sound  stimulus  presented  at  one 
ear  differs  from  the  sound  stimulus  presented  at  the  other  ear.  The  stimulus 
may  differ  in  sound  pressure,  frequency,  phase,  time,  duration,  or  bandwidth. 

3.24  Display  format.  The  organization  of  different  types  of  data  in  a 
display,  including  information  about  the  data  such  as  labels,  and  other  user 
guidance  such  as  prompts,  error  messages,  etc. 

3.25  Effective  temperature.  An  arbitrary  index  which  combines  into  a 
single  value  the  effect  'of  temperature,  humidity,  and  air  movement  on  the 
sensation  of  warmth  or  cold  felt  by  the  human  body.  The  numerical  value  is 
that  of  the  temperature  of  still,  saturated  air  which  would  induce  an 
identical  sensation. 

3.26  Enter.  An  explicit  user  action  that  effects  computer  processing  of 
user  entries.  For  example,  after  typing  a  series  of  numbers,  a  user  might 
press  an  ENTER  key  that  will  add  them  to  a  data  base,  subject  to  data 
validation, 

3*27  Equipment.  General  term  designating  any  item  or  group  of  items, 

3.28  Equipment  failure.  An  equipment  failure  is  the  cessation  of  the 
ability  to  meet  the  minimum  performance  requirements  of  the  equipment 
specifications.  Further,  equipment  failure  shall  imply  that  the  minimum 
specified  performance  cannot  be  restored  through  permissible  readjustment  of 
operator  controls. 

^•29  Facilities.  A  physical  plant,  such  as  real  estate  and  improvements 
thereto,'  ihcVudfhg  building  and  equipment,  which  provides  the  means  for 
assisting  or  making  easier  the  performance  of  a  system  function.  The 
facilities  to  which  this  standard  apply  are  those  in  which  personnel  perform 
system  operational  or  maintenance  duties. 

3.30  Fail-safe  design.  Fail-safe  design  is  one  in  which  a  failure  will  not 
adversely  af?ect  the  saTe  operation  of  the  system,  equipment,  or  facility. 

3.31  Field.  See  “Data  Field." 

3.32  File.  A  collection  of  data,  treated  as  a  single  unit,  that  is  stored 
in  a  computer, 

3.33  Function  key.  A  key  whose  actuation  will  effect  a  control  entry, 

3.34  Help.  A  capability  that  displays  information  upon  user  request  for 
on-line  guioance.  HELP  may  inform  a  user  generally  about  system  capabilities, 
or  may  provide  more  specific  guidance  in  information  handling  transactions. 
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3.35  Highlighting.  Emphasizing  displayed  data  or  format  features  in  some 
way,  e.g, ,  through  the  use  of  underlining,  bolding,  or  inverse  video. 

3.36  Human  engineering  design  criteria.  The  summation  of  available 
knowledge  which  defines  the  nature  and  limits  of  human  capabilities  as  they 
relate  to  the  checkout,  operation,  maintenance  or  control  of  systems  or 
equipment,  and  which  may  be  applied  during  engineering  design  to  achieve 
optimum  compatibility  between  equipment  and  human  performance. 

3.37  Infermati^on.  Organized  data  that  users  need  to  successfully  perform 
their  tasks.  Information  serves  as  an  answer  to  a  user's  questions  about 
data.  It  is  used  here  to  refer  to  the  effective  assimilation  of  data  by  a 
user. 

3.38  Inter  rupt.  Stopping  an  ongoing  transaction  in  order  to  redirect  the 
course  oi'  the  processing.  Examples  of  Interrupt  options  are  ABORT,  BACKUP, 
CANCEL,  and  RESTART. 

3.39  Luminance  contrast.  The  contrast  between  the  background  and  a  figure 
equals  the  di inference  between  the  higher  luminance  (Lj)  and  the  lower 
luminance  (L2}  divided  by  the  lower  luminance  (L2};  i.e., 

C  =  >-1  ~  t.2 


Conversions  to  the  other  contrast  formulae  are  as  follows; 


LI 

L2 

L1-L2 

L1-L2 

H-L2 

LI 

(brighter) 

(dimmer) 

ir“ 

IT” 

n+u 

r? 

100 

50 

1.0 

0.50  (50%) 

0.33 

2.0 

100 

25 

3.0 

0.75  (75») 

0.60 

4.0 

100 

10 

9.0 

0.90  (90t) 

0.82 

10.0 

3. AO  Luminance  ratio  (LR).  The  ratio  of  luminance  between  the  target  or 
subject  and  the  surrounidf ng  field  or  background.  For  projection  systems,  the 
luminance  ratio  Is  equal  to  the  light  output  of  a  projector  (measured  with  no 
film  in  the  projector)  reflected  off  the  screen  (image  luminance)  divided  by 
all  the  light  falling  on  the  screen  (measured  from  the  greatest  viewing  angle) 
other  than  that  actually  forming  the  image  (nonimage  or  background);  I.e., 

LR  ■  i.  •  '^here;  L  •  Image  or  subject  luminance 

Lf,  Ln  ”  Nonimage  or  background  luminance 

3.41  Macro.  The  capability  to  allow  the  user  to  assign  a  single  name  or 
function  kejT to  a  defined  series  of  commands  for  use  with  subsequent  cooiaand 
entry.  Sometimes  called  "smart  key."  Examples  of  use  are  storage  of 
addresses  or  signature  blocks  that  are  frequently  used. 

3.42  Maintainability,  design  for.  Design  considerations  directed  toward 
achieving  those  combing  characteristics  of  equipment  and  facilities  which 
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3.43  Master  caution  (warning)  signal.  A  signal  which  indicates  that  one  or 
more  caution  (warning)  lights  has  been  actuated. 

3.44  Menu  selection.  A  type  of  dialogue  in  which  the  user  selects  one  item 
out  of  a  list  of  displayed  alternatives,  whether  the  selection  is  by  pointing, 
by  entry  of  an  associated  option  code,  or  by  actuation  of  an  assigned  function 
key. 

3.45  Metric  eguivalenis,  abbreviations  and  prefixes.  Table  I  has  been  used 
herein  in  accordance  with  paragraph  4  of  the  Foreword. 


TABLE  t  METRIC  EQUIVALENTS.  ABBREVIATIONS  AND  PREFIXES 


rOCONVCRT  FROM: 

Ttt 

MULTIPLY  BV; 

DECREE  lANCUO  imi 

RAUAN  Ml 

1.745331  E-«a 

FOOTIfil 

METER  (Ml 

3JB4AOOOE-01 

FOOT*  l»t*l 

METER*  l«*l 

.a.aao304  E-02 

FOOf*m*) 

METER*  IM*) 

ajni  BBS  E-oa 

FOOTCANOLE 

LUX  Ral 

lATtaat  EHH 

FOOTLAMAENT  Mi-U 

CANOE  LA  FER  METER*  kAAii*) 

aAEAtMEMB 

INCH  |l«k.  OR  "1 

METER 

1540 BOO  E-OZ 

INCH* 

METER*  tai*l 

A.431  BOO  E>«4 

INCH* 

METER* 

1401700  5-06 

MINUTE  lANQLC)  IlNM 

RAOIAMMI 

2.MA  1021-04 

OUNCEoFONCG  Mtt) 

NEWTON  IN) 

1700  m  1-01 

OUNCE  >!>NCH  iMf  ■  U.I 

NEWTON  METER  IN  ••!) 

7001  «2  E.03 

FOUND  Mil  AVOINOUFOIt 

KILOORAMUnI 

4JMBHE-ei 

FOUND-FORCE  MNI 

NEWTON  IN) 

4.44B22aEH)0 

FOUND-INCH  BBF.kl 

NIWTQNMETBRIN**) 

1.I1BA4AC-0I 

fCCONO  lANCUl  UmI 

radian  Ml 

4j|M  1371-00 

FNfFiKEI 

TEMFERATURECONVERIIQN 

HANQ  m  10“^ 

aNTt  « 

Ac  l*V  -  33) 

MICRO  n  W"* 

KILO  k  10* 

t  ^ 

•|l  *C  •  12 

MILU  m  1A“* 

MlOA  H  M* 

1 

trotli  lACRCONVimMM  P«CTOnt>PRU«>nrtOMAMIMMII.MTW|tNONI  AND  TEN.  TO 
NX  OEClUAL  ElACtl.  THE  UTTtR  t  IFO«  BKEONEMTI,  A  FLUE  ON  HtNUl  tlON  AND  TWO 
040ITC  FOLLOMWQ  TME  NIMNUN.  NtPNmNT  TNt  NNMN  OF  It  iV  WMICH  THE  NUMMN 1$ 
TOBCMUlttKIlD. 

FONEXAMFU) 

ON)  lAFftltt  C.««  ■IB*  •IB.TCtBI 

EXAMFttt  OF  UU  OF  TABLE! 

TOCONVENT>f4*T0«*  MUtTtFiV}BVTm««l>«}  , 

a  iNJCM  m  BA  •  BAM  AM 

ITO  OONVCNr  a  TO  N*  OlVIlK  a  BV  tJHIl  MB  I'^l 

ONBBI  aiB  BB  >  WJiaB  as  ti*| 

AIMMIB GOMFUTt  UBTMtO  AMO  OMCUWONMAVBA  FOUMOIN  AITM  E  BBAoTA 


3.46  Noise-cancel  1 ing  (microphone) .  A  feature  which  reduces  the  masking 
effect  of  ambient  noise  upon  speech  ^pressed  on  a  microphone,  usually  by 
providing  equal  access  of  the  ambient  noise  to  both  surfaces  of  a  diaphragm  to 
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achieve  approximate  equilibrium,  effectively  causing  the  noise  to  cancel 
itself  out.  Since  the  talker's  own  voice  output  Impinges  on  only  one  side  of 
the  microphone  diaphragm,  the  talker's  signals  are  not  subject  to  this 
cancellation,  and  so  are  transmitted  more  favorably  than  if  both  ambient  noise 
and  speech  fell  simultaneously  upon  one  face  of  the  diaphragm. 

3.47  Nuclear,  biological,  chemical  (NBC)  survivability.  NBC  survivability 
includes  both  the  instantaneous,  cumulative  and  residual  effects  of  NBC 
weapons  upon  a  system  including  its  personnel,  NBC  survivability  describes 
the  capability  of  a  system  to  withstand  the  NBC  environment,  including 
decontamination,  without  losing  the  ability  to  accomplish  its  mission.  For 
any  system  to  be  considered  survivable  in  an  NBC  contaminated  battlefield,  it 
must  have  at  least  three  essential  characteristics:  Decontaminability, 
hardness,  and  compatibility. 

(1)  Decontaminability  Is  the  ability  of  a  system  to  be  rapidly 
decontaminated  to  reduce  the  hazard  to  personnel  operating,  maintaining  and 
resupplying  it. 

(2)  Hardness  is  the  ability  of  a  system  to  withstand  the  materiel 
damaging  effects  of  NBC  contamination  and  any  decontamination  agents  and 
procedures  requ1 red  to  remove  it. 

(3)  Coopatibllity  is  the  ability  of  a  system  to  be  effectively 
operated,  maintained,  and  resupplied  by  persons  wearing  the  full  NBC 
protective  enssnble. 

3,4B  Page.  The  data  appearing  at  one  time  on  a  single  display  screen, 

front  face  of  an  assembly,  normally  used  for  mounting 
controls  and  displays. 

P4hninj|.  An  orientation  for  display  framing  in  which  a  user  conceives 
of  the  cfTspTay  frame  as  moving  over  a  fixed  array  of  data.  The  opposite  of 
scrol ling, 

3.51  Peak -cl  1 ppi ng  ( of  speech  si gna 1 s ) .  A  technique  for  controlling 
amp! itude  fsTatTorls^^^  n  speech  by  limning  the  instantaneous 

peak -amplitudes  to  improve  intelligibility  of  speech,  usually  followed  by 
amplification  of  the  signal  to  increase  the  amplitude  of  the  clipped  peaks  to 
their  original  level,  with  proportional  Increase  of  the  weaker  speech  sounds, 

3.52  Pre-OTphasis.  Systematic  distortion  of  the  speech  spectrum  to  improve 
i ntel 1 i gfbTl { ty  of  speech  sound  by  attenuating  the  low-frequency  components  of 
vowels  (relatively  unimportant  for  intelligibility)  and  proportionately 
Increasing  the  amplitude  of  high-frequency  vowel  components  and  consonants 
(highly  important  for  intelligible  speech  transmission). 

3.53  Prompt .  An  indicator  provided  by  the  computer  that  alerts  the  user 
that  the  computer  is  ready,  data  should  be  entered,  etc. 

3. 54  Query  language.  A  type  of  dialogue  in  which  users  compose  control 
enteries  for  displaying  specified  data  from  a  data  base. 
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3.55  Question  and  answer.  A  type  of  dialogue  in  which  the  computer 
displays  questions,  one  at  a  time,  for  a  user  to  answer. 

3.56  Scrolling.  An  orientation  for  display  framing  in  which  the  user 
conceives  of  data  as  graving  behind  a  fixed  display  frame.  The  opposite  of 
panning. 

3.57  Seat  reference  point  (SRPl.  The  point  at  which  the  center  line  of  the 
seat  back  surface  (depressed)  and  seat  bottom  surface  (depressed)  intersect. 
When  the  seat  is  positioned  at  the  midpoint  of  the  adjustment  range(s),  this 
intersection  point  is  called  the  neutral  seat  reference  point.  (See 

MIL- STD-1333  for  Array  and  Navy  aircraft  definition.) 

3.58  Sound  pressure  1  eye!  ( SPU .  The  pressure  of  an  acoustic  wave;  usually 
expressed  in  decibels  r^B),  equal  to  20  times  the  logarithm  to  the  base  10  of 
the  ratio  of  the  effective  root-mean-square  (ms)  pressure  of  this  sound  to 
the  reference  pressure,  i.a., 

SPL  -  20  logio  25^ 

where  P  ■  the  effective  (rms)  sound  pressure  in  micropascals  (uPa)  or 
micronewtons  per  square  meter  (yN/M^j.  (20wPa  ■  20uN/M2  =  0,0002 
microbar  =  0.0002  dynes/cm2.) 

3.59  Source  documents.  User's  documents,  which  are  a  source  of  data 
eventually  processed  ty  the  computer  program,  such  as  target  lists,  supply 
codes,  parts  lists,  maintenance  forms,  bills  of  lading,  etc, 

3.60  Special  tools.  Tools  not  listed  in  the  Federal  Supply  Catalog. 

3.61  Speech  Inteniglblllty.  A  measure  of  the  percent  of  words,  phrases  or 
sentences  corVectly  unaerstooa  over  a  given  speech  communication  system  in  a 
given  noise  situation.  It  may  be  measured,  when  complying  with  this  standard!, 
by  either  the  Phonetically  Balanced  (PB)  Monosyllabic  Word  Inteniglblllty 
Test  or  the  Modified  Rhyme  Test  (MRT).  The  former  consists  of  a  list  of  1,000 
words  in  which  each  word  is  spoken  from  9  source  and  written  down  by  a 
listener  at  a  destination.  The  latter  consists  of  a  list  of  300  words  in 
which  a  word  is  spoken  from  a  source  and  the  listener  at  a  destination 
responds  on  a  prepared  multiple  format  selecting  one  of  six  words  as  the  item 
heard.  Speech  Intelligibility  may  also  be  predicted  by  the  Articulation  Index 
(AI)  In  which  calculation  Is  per'formed  of  the  peak  speech-to-root-mean-square 
noise  ratio  obtained  in  selected  frequency  bands  from  200  to  7,000  Hertz  (Hz), 
I.e.,  peak  amplitude  of  speech  in  relation  to  the  root-mean-square  amplitude 
of  the  background  noise. 

3.62  Speech  interference  level  ($IL).  A  measure  of  the  effectiveness  of 
noise  in  masking  speecki,  defined  as  the  arithmetic  average  of  the  same 
pressure  levels  of  the  Interfering  noise  (in  decibels  re  ZOyPa)  in  the  four 
octave  bands  centered  on  the  frequencies  500,  1000,  2000,  and  AOOO  Hz, 
respectively.  The  unit  of  speech- interference  Is  the  decibel. 
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3.63  Speech  signal  processing.  The  modification  of  the  electrical  signal 
representing  speech  to  enhance  the  capability  of  a  speech  communications 
channel.  Some  examples  are  simple  analog  processing,  automatic  gain  control 
(AGC),  frequency  shaping,  peak  clipping  and  syllabic  compression. 

3.64  Speech  spectrum.  A  segment  of  the  range  of  audible  frequencies 
containing  the  sounds  of  speech;  defined  as  approximately  the  range  from  80  to 
8000  Hz. 

3.65  Speech-to-noise  ratio  (peak  speech  to  rms  noise).  The  ratio  between 
the  arithmetic  mean  oi^  peak  amplitudes  of  speech  and  the  root -mean-square 
(rms)  amplitude  of  background  noise. 

3.66  Standard  tools.  Standard  tools  (normally  hand  tools)  used  for  the 
assembly,  disassembly,  inspection,  servicing,  repair  and  maintenance  of 
equipment,  and  which  are  manufactured ‘by  two  or  more  recognized  tool 
manufacturing  companies  and  listed  in  those  companies'  catalogs. 

3*67  String.  In  the  user's  context,  a  word,  phrase,  or  number  (string  of 
characters)  in  the  test  or  file.  Normally  employed  in  the  context  of  causing 
the  computer  to  search  for,  find,  or  replace  a  desired  "string." 

Text  entry.  Initial  entry  and  subsequent  editing  of  textual  material, 
typi fled  by  messages. 

3.69  Transaction.  An  action  by  a  user  followed  by  a  response  from  the 
computer'!  Th'e’t'erm  is  used  here  to  represent  the  smallest  functional 
"molecule"  of  user-computer  interaction, 

3.70  Transillumination.  Light  passed  through,  rather  than  reflected  off, 
an  element  to  be  viewed,  e.g.,  illumination  used  on  console  panels  or 
indicators  utilizing  edge  and/or  back  lighting  techniques  on  clear, 
translucent,  flourescent,  or  sandwich  type  plastic  materials. 

3.71  Warning  signal.  A  signal  which  alerts  the  operator  to  a  dangerous 
condi t i on  VequTrfng  ''Inw  ate  action, 

3.72  Wet  bulb  globe  temperature  (WB6T).  A  meterological  measurement  which 
can  be  useti  as  an  index  to  designate  conditions  of  twnperature  and  humidity  at 
which  on-set  of  heat  stress  can  be  expected  at  a  particular  energy  expenditure 
level.  It  Is  calculated  as  follows: 

WBGT  -  0.7Twb^P  ♦  0.2Tg  ♦  O.ITa, 
where  Tys^p  *  fion-psychrometric  (np)  wet-bulb  (WB)  temperature 

Tg  *  tenperature  at  interior  center  of  a  15,2  cm  (6  in)  black  globe 

Tft  »  non-psychroroetric,  but  shaded,  dry  bulb  (air)  temperature. 
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4.  GENERAL  REQUIREMENTS 

4.1  Objectives,  Military  systems,  equipment  and  facilities  shall  provide 
work  environments  which  foster  effective  procedures,  work  patterns,  and 
personnel  safety  and  health,  and  which  minimize  factors  which  degrade  human 
performance  or  increase  error.  Design  shall  be  such  that  operator  workload, 
accuracy,  time  constraint,  mental  processing  and  communication  requirements  do 
not  exceed  operator  capabilities.  Design  shall  also  minimize  personnel  and 
training  requirements  within  the  limits  of  time,  cost,  and  performance 
trade-offs. 

4.2  Standardization.  Controls,  displays,  marking,  coding,  labeling,  and 
arrangement  schemes  (equipment  and  panel  layout)  shall  be  uniform  for  common 
functions  of  all  equipment.  Criterion  for  selecting  off-the-shelf  commercial 
or  Government  equipment  shall  be  the  degree  to  which  the  equipment  conforms  tc 
this  standard.  Where  off-the-shelf  equipment  requires  modification  in  order 
to  interface  with  other  equipment,  the  modification  shall  be  designed  to 
comply  with  the  criteria  herein.  Redesign  of  off-the-shelf  equipment  must 
have  the  approval  of  the  procuring  activity, 

4.3  Function  allocation.  Design  shall  reflect  allocation  of  functions  to 
personneTT’equf^niintTnH^rsonnel-equipment  combinations  to  achieve: 

a.  Required  sensitivity,  p''ecision,  time,  and  safety, 

b.  Required  reliability  of  system  performance, 

c.  Minimum  number  and  level  of  skills  of  personnel  required  to  operate 
and  maintain  the  system. 

d.  Required  performance  In  a  cost-effective  manner* 

4.4  Human  engineering  design.  The  design  of  military  systems,  equipment 
and  faciVities  sKatr reflect  human  engineering,  life  support,  and  biomedical 
factors  that  affect  human  performance.  Including,  »dien  applicable: 

a.  Satisfactory  atmospheric  conditions  Including  composition, 
pressure,  temperature  and  humidity,  including  safeguards  against 
uncontrolled  variability  beyond  acceptable  limits* 

b.  Range  of  acoustic  noise,  vibration,  acceleration,  shock,  blast,  and 
impact  forces  and  safeguards  against  uncontrolled  variability 
beyond  safe  limits. 

c.  Protection  from  thermal,  toxicological,  radiological,  mechanical, 
electrical,  electromagnetic,  pyrotechnic,  visual,  and  other 
hazards . 
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d.  Adequate  space  for  personnel,  their  equipment,  and  free  volume  for 
the  movements  and  activities  they  are  required  to  perform  during 
operation  and  maintenance  tasks  under  both  normal  and  emergency 
conditions. 

e.  Adequate  physical,  visual,  auditory,  and  other  communication 
links  between  personnel,  and  between  personnel  and  their 
equipment,  under  both  normal  and  emergency  conditions. 

f.  Efficient  arrangement  of  operation  and  maintenance  workplaces, 
equipment,  controls,  and  displays. 

g.  Provisions  for  insuring  safe,  efficient  task  performance 
under  reduced  and  elevated  gravitational  forces  with  safe 
guards  against  injury,  equipment  damage  and  disorientation. 

h.  Adequate  natural  or  artificial  illumination  for  the  performance 
of  operation,  control,  training,  and  maintenance. 

i.  Safe  and  adequate  passageways,  hatches,  ladders,  stairways, 
platforms,  inclines,  and  other  provisions  for  ingress,  egress, 
and  passage  under  normal,  adverse  and  emergency  conditions. 

j.  Provision  of  acceptable  personnel  accommodations  including 
body  support  and  restraint,  seating,  rest,  and  sustenance, 
i.e.,  oxygen,  food,  water,  and  waste  management. 

k.  Provision  of  non-restrictive  personal  life  support  and 
protective  equipment. 

l.  Provisions  for  minimizing  psychophysiol ogi cal  stress  effects 
of  mission  duration  and  fatigue. 

m.  Design  features  to  assure  rapidity,  safety,  ease  and  economy 
of  operation  and  maintenance  in  normal,  adverse  and  emergency 
maintenance  environments. 

n.  Satisfactory  remote  handling  provisions  and  tools. 

0.  Adequate  emergency  systems  for  contingency  management,  escape, 
survival  and  rescue. 

p.  Compatibility  of  the  design,  location  and  layout  of  controls, 
displays,  workspaces,  maintenance  accesses,  stowage  provisions 
and  passenger  compartments  with  the  clothing  and  personal 
equipment  (C/PE)  to  be  worn  by  personnel  operating,  riding  in, 
or  maintaining  military  systems  or  equipment.  Task  allocation 
and  control  movements  shall  be  compatible  with  restrictions 
imposed  on  human  performance  by  C/PE. 
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4.5  Fail  safe  design.  A  fail  safe  design  shall  be  provided  in  those  areas 
where  failure  can  cause  catastrophe  through  damage  to  equipment,  injury  to 
personnel  or  inadvertent  operation  of  critical  equipment. 

4.6  Simplicity  of  design.  The  equipment  shall  represent  the  simplest 
design  consistent  with  functional  requirements  and  expected  service 
conditions.  It  shall  be  capable  of  being  operated,  maintained*  and  repaired 
in  its  operational  environment  by  personnel  with  a  minimum  of  training. 

4.7  Interaction.  The  design  of  the  system  shall  reflect  the  interaction 
requirements  of  crew  served  equipment. 

4.8  Safety.  Design  shall  reflect  applicable  system  and  personnel  safety 
factors ,  including  minimization  of  potential  human  error  in  the  operation  and 
maintenance  of  the  system,  particularly  under  the  conditions  of  alert,  battle 
stress,  or  other  emergency  or  non-routine  conditions. 

^*3  Ruggedness.  Systems  and  equipment  shall  be  sufficiently  rugged  to 
withstand  handling  in  the  field  during  operation,  maintenance,  supply  and 
transport  within  the  environmental  limits  specified  for  those  conditions  in 
the  applicable  hardware  or  system  specification. 

4.10  Design  for  NBC  survivability.  As  applicable,  equipment  design  shall 
be  compatible  with  fiBC  protection  and  shall  permit  performance  of 
mission-essential  operations,  communications,  maintenance,  resupply  and 
decontamination  tasks  by  suitably  clothed,  trained  and  acclimatized  personnel 
for  the  survival  periods  and  NBC  environments  required  by  the  system. 

Equipment  design  shall  also  facilitate  NBC  hardness  surveillance  and  shall 
minimize  susceptibility  to  reduction  of  inherent  NBC  hardness  as  a  result  of 
maintenance/ operator-induced  errors/damage:  i.e., 

a)  NBC  hardness  shall  be  easily  verifiable  by  maintenance  personnel 
before  and  after  maintenance  actions  (hardness  surveillance), 

b)  NBC  hardness  shall  not  be  degraded  when  routine  (scheduled)  and 
corrective  (unscheduled)  maintenance  are  performed, 

c)  Maintenance  of  the  equipment’s  inherent  NBC  hardness  shall  not  be 
dependent  on  maintenance  personnel  expertise  and  critical 
alignments/maintenance  actions. 

4.11  Design  for  electromagnetic  pulse  (EMP)  hardening.  As  applicable, 
equipment  design  shaYl  be  compatible  with  eMp  hardening  requirements , 
including  personal  accommodations  such  as  EMP-hardened  electrical  power 
outlets  and  antenna  lead-ins  within  EMP-hardened  facilities  or  spaces.  Access 
shall  be  provided  to  EMP-hardened  facilities  or  spaces  without  the  need  to 
open  doors  or  hatches  which  form  part  of  an  electromagnetic  barrier  protecting 
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the  space.  Items  such  as  surge  arrestors,  terminal  protection  devices,  and 
filters,  which  form  part  of  an  electromagnetic  barrier  for  protection  against 
EMP  effects,  shall  be  accessible. 
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5.  DETAILED  REQUIREMENTS 

5.1  Control /display  integration. 

5.1.1  General  criteria. 


5. 1.1.1  Relationship.  The  relationships  of  a  control  to  its  associated 
display  and  the  display  to  the  control  shall  be  immediately  apparent  and 
unambiguous  to  the  operator.  Controls  should  be  located  adjacent  to  (normally 
under  or  to  the  right  of)  their  associated  displays  and  positioned  so  that 
neither  the  control  nor  the  hand  normally  used  for  setting  the  control  will 
obscure  the  display. 

5. 1.1. 2  Design.  Control -display  relationships  shall  be  apparent  through 
proximity,  similarity  of  groupings,  coding,  framing,  labeling,  and  similar 
techniques. 


5. 1.1. 3  Complexity  and  precision.  The  complexity  and  precision  required  of 
control  manipulation  and  display  monitoring  shall  be  consistent  with  the 
precision  required  of  the  system.  Control /Display  complexity  and  precision 
shall  not  exceed  the  capability  of  the  operator  (in  terms  of  discrimination  of 
display  detail)  or  exceed  the  operator's  manipulative  capability  under  the 
dynamic  conditions  and  environment  (in  terms  of  manual  dexterity,  coordination 
or  reaction  time)  in  which  human  performance  is  expected  to  occur. 

5. 1.1.4  Feedback.  Feedback  on  control  response  adequacy  shall  be  provided  as 
rapidly  as  pdssibTe.  Critical  control  functions,  such  as  those  entered  by 
keyboard,  shall  provide  adequate  feedback  to  the  operator  prior  to  entry  to 
ensure  that  the  keyed  entry  is,  in  fact,  errorless  and  the  one  that  the  operator 
desires  to  enter. 

5. 1.1. 5  Illumination.  Adjustable  illumination  shall  be  provided  for  visual 
displays,  including  display,  control  and  panel  labels  and  critical  markings, 
that  must  be  read  at  night  or  under  darkened  conditions. 

5. 1.1.6  Simultaneous  access.  If  more  than  one  crew  member  must  have 

s imul t aneou s  acces s  to  a"  part i cul a r  group  of  controls  or  displays  in  order  to 
insure  proper  functioning  of  a  system  or  subsystem,  the  operator  assigned  to 
control  and  monitor  a  particular  function  or  group  of  related  functions  shall 
have  physical  and  visual  access  to  all  controls,  displays  and  communication 
capability  necessary  to  adequately  perform  assigned  tasks. 

5.1.2  Position  relationships. 

5. 1.2.1  Functional  grouping.  Functionally  related  controls  and  displays 
shall  be  located  in  proximity  to  one  another— arranged  in  functional  groups, 
e.g.,  power,  status,  test. 

5. 1.2. 1.1  Functional  group  arrangement. 
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5. 1.2. 1.1,1  Sequence.  Functional  groups  of  controls  and  displays  shall  be 
located  to  provide  for  left-to-right  (preferred)  or  top-to-bottom  order  of 
use,  or  both. 


5. 1.2. 1.1. 2  Access.  Providing  that  the  integrity  of  grouping  by  function 
and  sequence  is  not  compromised,  the  more  frequently  used  groups  and  the  most 
important  groups  should  be  located  in  areas  of  easiest  access.  Control- 
display  groups  required  solely  for  maintenance  purposes  shall  be  located  in 
positions  providing  a  lesser  degree  of  access  relative  to  operating  groups. 

5. 1.2. 1.1. 3  Functional  group  marking.  Functional  groups  may  be  set  apart 
by  outlining  with  contrasting  lines  which  completely  encompass  the  groups. 
Where  such  coding  is  specified  by  the  procuring  activity,  and  where  gray 
panels  are  used,  noncritical  functional  groups  (i.e.,  those  not  associated 
with  emergency  operations)  shall  be  outlined  with  a  1.5  mm  (1/16  in)  black 
border  (27038  of  FEO-STD-595),  and  those  involving  emergency  or  extremely 
critical  operations  shall  be  outlined  with  a  5  mm  (3/16  in)  red  border  (21136 
of  FED-STD-595) .  As  an  alternate  method,  contrasting  color  pads  or  patches 
may  be  used  to  designate  both  critical  and  noncritical  functional  areas, 
subject  to  prior  approval  by  the  procuring  activity.  When  red  compartment 
lighting  is  used,  an  orangeyellow  (23538  of  FED-STD-595)  and  black  (27038  of 
FED-STO-595)  striped  border  shall  be  used  to  outline  functional  groups 
involving  emergency  or  extremely  critical  operations.  Control -display  areas 
in  aircraft  crew  stations  shall  be  delineated  in  accordance  with  MIL-M-18012. 

5. 1.2. 1.1. 4  Consistency.  Location  of  recurring  functional  groups  and 
Individual  items  snaVI  be similar  from  panel  to  panel.  Mirror  image 
arrangements  shall  not  be  used. 

5. 1.2. 2  location  and  arrangement.  Whenever  an  operator  must  use  a  large 
number  of  controTs  and  displays'i'  their  location  and  arrangement  shall  be 
designed  to  aid  in  determining  which  controls  are  used  with  which  displays, 
which  equipment  component  each  control  affects,  and  which  equipment  component 
each  display  describes. 

5. 1.2. 3  Arrangement  within  groups.  Controls  and  displays  within  functional 
groups  shall  be  Tocateid  accorijlhg  to  operational  sequence  or  function,  or  both, 

5. 1.2. 3. 1  Left-to-right  a rrangement .  If  controls  must  be  arranged  in  fewer 
rows  than  d1  spl ays,  controls  af i*ect^ng  the  top  row  of  displays  shall  be 
positioned  at  the  far  left;  controls  affecting  the  second  row  of  displays 
shall  be  placed  immediately  to  the  right  of  these,  etc. 

5. 1.2. 3. 2  Vertical  and  horizontal  arrays.  If  a  horizontal  row  of  displays 
must  be  associated  w(tb  a  vertlcaV  column  of  controls  or  vice  versa,  the 
farthest  left  item  in  the  horizontal  array  shall  correspond  to  the  top  item  in 
the  vertical  array,  etc.  However,  this  type  of  arrangement  shall  be  avoided 
whenever  possible. 
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5. 1.2. 3. 3  Simultaneous  use.  A  visual  display  that  must  be  monitored 
concurrently  with  manipulation  of  a  related  control  shall  be  located  so  that 
the  operator  is  not  required  to  observe  the  display  from  an  extreme  visual 
angle  and  thus  introduce  the  possibility  of  parallax  error. 

5. 1.2. 3. 4  Multiple  displays.  When  the  manipulation  of  one  control  requires 
the  reading  of  several  displays,  the  control  shall  be  placed  as  near  as 
possible  to  the  related  displays  and  preferably  beneath  the  middle  of  the 
displays,  but  not  so  as  to  obscure  displays  when  manipulating  the  control. 

5. 1.2. 3. 5  Combined  control.  When  separate  displays  are  affected  by  a 
combined  control  (e.g.,  concentrically  ganged  knobs),  the  display  shall  be 
arranged  from  left  to  right  with  the  combined  control  underneath  the  center  of 
the  displays,  but  not  so  as  to  obscure  displays  when  manipulating  controls. 

5. 1.2. 3. 6  Separate  panels.  When  related  controls  and  displays  must  be 
located  on  separate  panels  and  both  panels  are  mounted  at  approximately  the 
same  angle  relative  to  the  operator,  the  control  positions  on  one  panel  shall 
correspond  to  the  associated  display  positions  on  the  other  panel.  The  two 
panels  shall  not  be  mounted  facing  each  other. 

5. 1.2. 3. 7  Component  groups.  When  a  group  of  equipment  components  has  the 
same  function,  the  'related  control  and  display  positions  shall  be  oriented  to 
correspond  to  those  of  the  controlled  and  monitored  components.  (For  example, 
the  position  of  aircraft  engine  controls  shall  be  oriented  as  if  the  operator 
faces  the  normal  direction  of  vehicle  movement.) 

5. 1.2. 3. 8  Emergency  use.  Emergency  displays  and  controls  shall  be  located 
where  they  can  be  seen  and  reached  with  minimum  delay  (e.g,,  warning  lights 
within  a  30-degree  cone  about  the  operator's  normal  line  of  sight;  emergency 
control  close  to  its  related  warning  display  or  the  nearest  available  hand  in 
its  noninal  operating  position). 

5.1.3  Movement  relationships. 

5. 1.3.1  Lack  of  ambiguity.  Display  indicators  shall  clearly  and 
unambiguously  rect  ana  guide  the  appropriate  control  response.  The  response 
of  a  display  to  control  movements  shall  be  consistent,  predictable,  and 
compatible  with  the  operator's  expectations. 

5. 1.3. 2  Time  lag.  The  time  lag  between  the  response  of  a  system  to  a 
control  Input  and  the  display  presentation  of  the  response  shall  be  minimized, 
consistent  with  safe  and  efficient  system  operation. 

5. 1.3. 3  Moving  pointer  circular  scales.  Clockwise  movement  of  a  rotary 
control  or  movement  of  a  linear  control  forward,  up,  or  to  the  right  shall 
produce  a  clockwise  movement  of  circular  scale  pointers  and  an  increase  in 
the  magnitude  of  the  setting. 
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5. 1.3.4  Moving  pointer  linear  scales.  Clockwise  movement  of  a  rotary 
control  or  movement  of  a  linear  control  forward,  up,  or  to  the  right  shall 
produce  a  movement  up  or  to  the  right  for  horizontal  and  vertical  scale 
pointers  and  an  Increase  In  the  magnitude  of  the  reading. 

5. 1.3.5  Fixed  pointer  circular  scale.  Displays  with  moving  scales  and 
fixed  pointers  or  cursors  should  be  avoided.  When  circular  fixed-pointer, 
moving-scale  Indicators  are  necessary,  clockwise  movement  of  a  rotary  control 
or  movement  of  a  linear  control  forward,  up,  or  to  the  right  shall  normally 
produce  a  counterclockwise  movement  of  the  scale  and  an  Increase  In  the 
magnitude  of  the  reading. 

5. 1.3.6  Fixed  pointer  linear  scale.  When  use  of  vertical  or  horizontal 
fixed  pointer,  movi ng-scal e  Indl cators  Is  necessary,  clockwise  movement  of  an 
associated  rotary  control  or  movement  of  a  linear  control  forward,  up,  or  to 
the  right  shall  normally  produce  a  movement  of  the  scale  down  or  to  the  left 
and  an  Increase  In  the  magnitude  of  the  reading. 

5. 1.3.7  Direct  linkage.  When  there  Is  a  direct  linkage  between  control  and 
display  (e.g.,  radio  frequency  selector  and  station  pointer),  a  rotary  control 
shall  be  used  If  the  Indicator  moves  through  an  arc  of  more  than  trad  (180*). 
If  the  Indicator  moves  through  an  arc  of  less  than  trad  (180’),  a  linear 
control  may  be  used,  provided  the  path  of  control  movement  parallels  the 
average  path  of  the  Indicator  movement  and  the  Indicator  and  control  move  in 
the  same  relative  direction. 

5. 1.3. 8  Common  plane.  Controls  shall  be  selected  so  that  the  direction  of 
movement  of  the  control  will  be  consistent  with  the  related  movement  of  an 
associated  display,  equipment  component,  or  vehicle. 

5. 1.3.9  Parallel  movement.  Olrection-of-movement  relationships  shall  be 
adhered  to  »^en  control  and  display  are  parallel  In  line  of  movement. 

MfeSliSa*  control -d1  spl ey  relationships  specified  herein 
cannot  be  adhered  to,  controls  shall  be  clearly  labeled  (see  para  5.5)  to 
Indicate  the  direction  of  control  movement  required. 

5.1.3.11  Movement  direction.  When  a  rotary  control  and  a  linear  display 
are  in  the  same  plane,  the  part  of  the  control  adjacent  to  the  display  shall 
move  In  the  same  direction  as  the  moving  part  of  the  display* 

Control  display  movement  ratio. 

5. 1.4.1  Minimization  of  time.  Control  display  ratios  for  continuous 
adjustment  control s  snal f  mi nlmi ze  the  total  time  required  to  make  the  desired 
control  movement  (I.e.,  slewing  time  plus  fine  adjusting  time),  consistent 
with  display  size,  tolerance  requirements,  viewing  distance,  and  time  delays. 
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5. 1.4. 2  Range  of  display  inovement.  When  a  wide  range  of  display  element 
movement  is  required,  small  movement  of  the  control  shall  yield  a  large 
movement  of  the  display  element.  When  a  small  range  of  display  movement  is 
required,  a  large  movement  of  the  control  shall  result  in  small  movement  of 
the  display,  consistent  with  final  accuracy  required. 

5. 1.4. 3  Knob,  coarse  setting.  When  a  knob  is  provided  for  making  coarse 
display  element  settings  on  linear  scales  --  0.4  to  2.5  mm  (0,016  to  0.100  in) 
tolerance  —  approximately  150  mm  (6  in)  display  element  movement  shall  be 
provided  for  one  complete  turn  of  the  knob, 

5. 1.4. 4  Knob,  fine  setting.  For  fine  setting  on  linear  scales— 0.2  to 
0.4  mm  (0.008  to  0.016  in)  tolerance— 25  to  50  mm  U  to  2  in)  of  display 
element  movement  shall  be  provided  for  one  complete  turn  of  the  knob. 

5. 1.4. 5  Bracketing.  When  bracketing  is  used  to  locate  a  maximum  or  minimum 
rather  than  a  specific  value  (e.g.,  as  in  tuning  a  transmitter),  the  control 
knob  shall  swing  through  an  arc  of  not  less  than  175  mrad  (10®)  nor  more  than 
525  mrad  (30°)  either  side  of  the  target  value  in  order  to  make  the  peak  or 
dip  associated  with  that  value  clearly  noticeable. 

5. 1.4. 6  Lever,  coarse  setting.  When  a  lever  is  provided  for  coarse 
settings— 0.4  to  2.5  mm  (0,016  to  0,100  in)  tolerance— one  unit  of  display 
element  movement  shall  be  used  to  three  units  of  lever  movement. 

5. 1. 4. 7  lever,  two-dimensional  setting.  When  a  lever  is  provided  to  make 
settings  in  two  dimensions  to  coarse  tolerances--2.5  mm  (0.1  in)--one  unit  of 
display  element  movement  shall  be  used  to  two  and  one-half  units  of  lever 
movement . 

®*^*^*^  Counters.  When  counters  are  provided,  the  control -display  ratio 
shall  be  such  that  one  revolution  of  the  knob  produces  approximately  50  counts 
(i.e,"  the  right  hand  drum  rotates  five  times). 
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5.2  Visual  displays. 

5.2.1  General .  Visual  displays  should  be  utilized  to  provide  the  operator 
with  a  clear  indication  of  equipment  or  system  conditions  for  operation  under 
any  eventuality  commensurate  with  the  operational  and  maintenance  philosophy 
of  the  system  under  design. 

5. 2. 1.1  Alerting/ warning.  An  alerting/warning  display  shall  provide  the 
operator  with  a  greater  probability  of  detecting  the  triggering  condition  than 
his  normal  observation  would  provide  In  the  absence  of  the  display. 

5. 2. 1.2  Display  illumination  and  light  distribution. 

5. 2. 1.2.1  Display  illumination.- 

5. 2.1. 2. 1.1  Normal.  When  maximum  dark  adaptation  is  not  required,  low 
brightness  white  light  (preferably  Integral  and  adjustable  as  appropriate)  shall 
be  used;  however,  when  complete  dark  adaptation  is  required,  low  luminance 
[0,07  -  0.35  cd/m2  (0.02  -  0.10  fL)]  red  light  (greater  than  62C  nm)  shall  be 
provided. 


5. 2. 1.2. 1.2  Night  vision  device  compatibility.  Where  night  vision  device 
compatibility  is  required,  display  illumination  color  other  than  red  may  be 
used.  The  lighting  shall  be  continuously  variable  to  the  full  OFF  position. 

In  the  OFF  position,  no  current  shall  flow  through  the  lamps. 

5. 2. 1. 2. 1.3  Field  use  panel  dintninq.  When  control  or  annunciator  panels 
will  be  viewed  by  personnel  out  of'  doors  at  night,  maximum  panel  illumination 
shall  be  provided  when  a  dimming  rotary  control  Is  at  Its  extreme  clockwise 
rotation.  Maximum  mumination  is  that  required  by  Tables  XXI  and  XXII,  as 
applicable.  No  current  shall  be  provided  to  luminaires  at  extreme  counter¬ 
clockwise  rotation  of  a  dimming  control.  Panel  light  levels  shall  be 
continuously  variable  from  O.l  cd/m*  (0.03  fL)  -near  OFF  to  3.5  cd/m*  (1  fL)  at 
BOX  of  clockwise  rotation. 

5.2. 1.2. 2  Light  distribution.  Where  multiple  displays  are  grouped  together, 
lighting  shal T  6e  balanced  across  the  instrument  panel  such  that  the  mean 
indicator  luminances  of  any  two  instruments  shall  not  differ  by  more  than  33X 
across  the  range  of  full  ON  to  full  OFF,  Light  distribution  shall  be 
sufficiently  uniform  within  an  integrally  Illuminated  instrument  such  that  the 
ratio  of  standard  deviation  of  indicator  element  luminances  to  mean  indicator 
luminance  shall  not  be  more  than  0.25,  using  eight  or  more  equally  spaced  test 
measurements. 


5. 2. 1.2. 3  Contrast.  Sufficient  contrast  shall  be  provided  between  all 
displayed  InformatTon  and  the  display  background  to  ensure  that  the  required 
information  can  be  perceived  by  the  operator  under  all  expected  lighting 
conditions. 
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5. 2. 1,3  Information . 


5. 2. 1.3.1  Content.  The  information  displayed  to  an  operator  shall  be 
sufficient  to  allow the  operator  to  perform  the  intended  mission,  but  shall  be 
limited  to  that  which  is  necessary  to  perform  specific  actions  or  to  make 
decisions, 

5. 2. 1.3. 2  Precision.  Information  shall  be  displayed  only  within  the  limits 
and  precision  required  for  specific  operator  actions  or  decisions. 

5. 2. 1.3. 3  Format.  Information  shall  be  presented  to  the  operator  in  a 
directly  useable  form.  Requirements  for  transposing,  computing, 
interpolating,  or  mentally  translating  into  other  units  shall  be  avoided. 
Additional  requirements  for  computer  display  formats  are  contained  in  5.15. 

5. 2. 1.3. 4  Redundancy.  Redundancy  in  the  display  of  information  to  a  single 
operator  shall  'be  avoided  unless  it  is  required  to  achieve  specified 
reliability. 


5, 2. 1.3. 5  Combining  operator/maintainer  information.  Operator  and 
maintainer  information  snail"  not  be  combined  in  a  s^ngle  display  unless  the 
information  content  and  format  are  well  suited  to,  and  time  compatible  for, 
both  users. 


5. 2. 1.3. 6  Display  failure  clarity.  Failure  of  a  display  or  its  circuit 
shall  be  immediately  apparent  to  the  operator. 

5. 2. 1.3. 7  Display  circuit  failure.  Failure  of  the  display  circuit  shall 
not  cause  a  failure  fn  the  equipment  associated  with  the  display. 

5. 2. 1. 3. 8  Unrelated  markings.  Trademarks  and  company  names  or  other 
similar  markings  not  related  to  the  panel  function  shall  not  be  displayed  on 
the  panel  face. 

5. 2. 1.3. 9  Duration.  Signals  and  display  information  shall  have  durations 
of  suf f  1  ci ent ' Terigth  to  be  reliably  detected  under  expected  operator  workload 
and  operational  environment. 

5.2.1.3.10  Timeliness.  Displays  such  as  cathode  ray  tube  displays,  head-up 
displays,  collimated  displays  and  other  displays  requiring  refreshed 
information  shall  be  updated  in  a  synchronous  manner,  where  possible,  and  be 
refreshed  to  the  degree  of  timeliness  required  by  personnel  in  the  normal 
operating  or  servicing  mode. 

5.2.1.3.11  Advisory  and  alerting.  Displays  such  as  multifunction  displays, 
cathode  ray  tube  dfspi ays,  head-up  d1 spl ays,  collimated  displays  and  other 
visual  display  devices  displaying  simultaneous  and  integrated  information 
shall  advise  or  alert  operating  personnel  to  information  that  becomes  critical 
within  the  display. 
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5.2.1.3.12  NBC  contamination.  As  applicable,  display  characteristics 
(e.g.,  clarity,  legibility)  shall  be  compatible  with  viewing  while  wearing  an 
NBC  protective  mask.  Displays  or  Indicators  that  show  the  presence  of  NBC 
agents  shall  also  show  when  such  agent  concentrations  decrease  to  safe  levels. 

5.2.1.3.13  Numeric  digital  displays.  Numeric  digital  displays  shall  not  be 
used  as  the  only  display  of  information  when  perception  of  the  pattern  of 
variation  is  important  to  proper  perception.  Numeric  digital  displays  shall 
not  be  used  when  rapid  or  slow  digital  display  rates  inhibit  proper 
perception. 

5.2c1.4  Location  and  arrangement. 

5. 2. 1.4.1  Location.  Displays  shall  be  located  and  designed  so  that  they 
may  be  read  to  the  degree  of  accuracy  required  by  personnel  in  the  normal 
operating  or  servicing  positions  without  requiring  the  operator  to  assume  an 
uncomfortable,  awkward  or  unsafe  position. 

5. 2. 1.4. 2  Access.  Visual  displays  should  be  visually  accessible  without 
resorting  to  use  of  ladders,  flashlights  or  other  special  equipment  in  order 
to  read  the  display. 

5. 2. 1.4. 3  Orientation.  Display  faces  shall  be  perpendicular  to  the 
operator's  normal  line  of  sight  whenever  feasible  and  shall  not  be  less  than 
Tr/4  rad  (45®)  from  the  normal  line  of  sight  (see  Figure  1).  Parallax  shall  be 
minimi  zed. 


5.2.1 .4.4  Reflection.  Displays  shall  be  constructed,  arranged,  and  mounted 
to  prevent  reducCi'on  "of  information  transfer  due  to  the  reflection  of  the 
ambient  illumination  from  the  display  cover.  Reflection  of  Instruments  and 
consoles  in  windshields  and  other  enclosures  shall  be  avoided.  If  necessary, 
techniques  (such  as  shields  and  filters)  shall  be  employed  to  insure  that 
system  performance  will  not  be  degraded. 

6. 2. 1.4. 5  Vibration.  Vibration  of  visual  displays  shall  not  degrade  user 
performance  below  the  level  required  for  mission  accomplishment  (see  5. 8. 4.2), 

5. 2. 1.4. 6  Grouping.  All  displays  necessary  to  support  an  operator  activity 
or  sequence  of  activities,  shall  be  grouped  together. 

5. 2. 1.4. 7  Function  and  sequence.  Displays  shall  be  arranged  in  relation  to 
one  another  according  to  their  sequence  of  use  or  the  functional  relations  of 
the  components  they  represent.  They  shall  be  arranged  in  sequence  within 
functional  groups,  »^enever  possible,  to  provide  a  viewing  flow  from  left  to 
right  or  top  to  bottom. 

5. 2. 1.4. 8  Frcouencv  of  use.  Displays  used  most  frequently  should  be 
grouped  together  and  placed  in  the  optimum  visual  zone  (see  Figure  2). 
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5. 2. 1.4. 9  Importance.  Important  or  critical  displays  shall  be  located  in  a 
privileged  portion  in  the  optimum  projected  visual  zone  or  otherwise 
highlighted. 


5.2.1.4.10  Consistency.  The  arrangement  of  displays  within  a  system  shall 
be  consistent  in  principle  from  application  to  application,  within  the  limits 
specified  herein. 

5.2.1.4.11  Maximum  viewing  distance.  The  viewing  distance  from  the  eye 
reference  point  of  the  seated  operator  to  displays  located  close  to  their 
associated  controls  shall  not  exceed  635  mm  (26  in).  Otherwise,  there  is  no 
maximum  limit  other  than  that  imposed  by  legibility  limitations,  which  shall 
be  compensated  for  by  proper  design.  NOTE:  A  viewing  distance  of  up  to 
760  mm  (30  inches)  may  be  used  with  ejection  seats. 

5.2.1.4.12  Minimum  viewing  distance.  The  effective  viewing  distance  to 
displays,  wi t h~ t he  except i on  of  cathode  ray  tube  displays  (see  5. 2. 4. 2)  and 
collimated  displays,  shall  never  be  less  than  330  mm  (13  in)  and  preferably' 
not  less  than  510  mm  (20  in), 

5.2.1.4.13  Aircrew  station  signals.  Signals  for  aircrew  stations  shall  be 
in  accordance  with  MIL-StD-411.  Human  Engineering  design  for  other  members  of 
the  crew  who  occupy  positions  in  the  air  vehicle  other  than  on  the  flight  deck 
(such  as  in  multi-engined  specialized  aircraft)  shall  be  in  accordance  with 
the  criteria  in  this  standard.  (See  5.14.2.1) 

5. 2, 1.5  Coding. 

5. 2. 1.5.1  Objectives.  Coding  techniques  shall  be  used  to  facilitate: 

a.  Discrimination  between  individual  displays 

b.  Identification  of  functionally  related  displays 

c.  Indication  of  relationship  between  displays 

d.  Identification  of  critical  information  within  a  display 

5. 2. 1.5. 2  Techniques.  Displays  shall  be  coded  by  color,  size,  location, 
shape,  or  flash  coding,  as  applicable. 

5.2. 1.5. 3  Standardization.  All  coding  within  the  system  shall  be  uniform 
and  shall  be  established  by  agreement  with  the  procuring  activity. 

5. 2. 1.5. 4  Symbology,  Svmboloqv  for  Aircrew  displays  shall  be  in  accordance 
with  MIL-STD-ITSTT^ 

5.2.2  Transillu'  nated  displays. 
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5. 2. 2.1  General .  Three  general  types  of  transniuminated  displays  that  may 
be  used  include: 

a.  Single-  and  multiple-legend  lights,  which  present  information  in  the 
form  of  meaningful  words,  numbers,  symbols,  and  abbreviations. 

b.  Simple  indicator  lights. 

c.  Transniuminated  panel  assemblies,  which  present  qualitative  status 
or  system  readiness  Information. 

5. 2. 2. 1.1  Use.  Transniuminated  indicators  should  be  used  to  display 
qualitative  information  to  the  operator  requiring  either  an  immediate  reaction 
by  the  operator,  or  to  draw  attention  to  an  important  system’ status.  Such 
indicators  may  also  be  used  occasionally  for  maintenance  and  adjustment 
functions. 


5. 2. 2. 1.2  Equipment  response.  Lights,  including  those  used  in  illuminated 
push  buttons,  shan  display  equipment  response  and  not  merely  control 
position. 


5. 2. 2.1. 3  Infomation.  Lights  and  related  indicators  shall  be  used 
sparingly  and  shall  display  only  that  information  necessary  for  effective 
system  operation. 

5. 2. 2. 1.4  Positive  feedback.  Changes  in  display  status  shall  signify 
changes  in  functional  status  rather  than  results  of  control  actuation  alone. 
The  absence  or  extinguishment  of  a  signal  or  visual  indication  shall  not  be 
used  to  denote  a  "malfunction,"  "no  go,"  or  "out-of -tolerance"  condition; 
however,  the  absence  of  a  "power  on"  signal  or  visual  indication  shall  be 
acceptable  to  indicate  a  "power  off"  condition  for  operational  displays 
only— not  for  maintenance  displays.  The  absence  or  extinguishment  of  a  signal 
or  visual  indication  shall  not  be  used  to  Indicate  a  "ready"  or  "in  tolerance" 
condition,  unless  the  status  or  caution  light  filament  and  its  associated 
circuitry  can  be  easily  tested  by  the  operator  and  operator  perception  of  such 
events  is  not  time  critical. 

5. 2. 2. 1.5  Grouping.  Master  caution,  master  warning,  master  advisory  and 
summation  lights  used  to  indicate  the  condition  of  an  entire  subsystem  shall 
be  set  apart  from  the  lights  which  show  the  status  of  the  subsystem 
ccRnponents,  except  as  required  under  paragraph  5.2. 2. 1.8. 

5. 2. 2. 1.6  Location.  When  a  transniuminated  indicator  Is  associated  with  a 
control,  the  indicator  light  shall  be  so  located  that  it  can  be  associated 
with  the  control  without  error  and  shall  be  visible  to  the  operator  during 
control  operation. 

5. 2.2. 1.7  Location,  critical  functions.  For  critical  functions.  Indicators 
shall  be  located  within  265  mrad  (15®)  of  the  operator's  normal  line  of  sight 
(see  Figure  2).  Warning  lights  shall  be  an  Integral  part  of,  or  located 
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adjacent  to,  the  lever,  switch,  or  other  control  device  by  which  the  operator 
is  to  take  action. 

5.2. 2^1. 8  Maintenance  displays.  Indicator  lights  used  solely  for 
maintenance  and  adjustment  snail  be  covered  or  non-visible  during  normal 
equipment  operation,  but  shall  be  readily  accessible  when  required. 

5.2.2.1.9  Luminance.  The  luminance  of  transilluminated  displays  shall  be 
compatible  with  the  expected  ambient  illuminance  level,  and  shall  be  at  least 
10%  greater  than  the  surrounding  luminance.  Where  glare  must  be  reduced,  the 
luminance  of  transilluminated  displays  should  not  exceed  300%  of  the 
surrounding  luminance. 

5.2.2.1.10  Luminance  control .  When  displays  will  be  used  under  varied 
ambient  illuminance,  a  dimming  control  shall  be  provided.  The  range  of  the 
control  shall  permit  the  displays  to  be  legible  under  all  expected  ambient 
illuminance.  The  control  shall  be  capable  of  providing  multiple  step  or 
continuously  variable  illumination,  Dinming  to  full  OFF  may  be  provided  in 
non-critical  operations,  but  shall  not  be  used  if  inadvertent  failure  to  turn 
on  an  indicator  could  lead  to  critical  operator  failures,  i.e.,  failure  to 
detect  or  perform  a  critical  step  in  an  operation. 

5.2.2.1.11  False  Indication  or  obscuration.  Provision  shall  be  made  to 
prevent  direct  or  reflected  light  from  making  indicators  appear  illuminated 
when  they  are  not,  or  to  appear  extinguished  when  they  are  illuminated, 
Self-refl action  shall  be  minimized  by  proper  orientation  of  the  display  with 
respect  to  the  observer. 

5.2.2.1.12  Contrast  within  the  Indicator.  The  luminance  contrast 

(See  3.17)  within  the  indicator  sTiaT^  ^e  'et  least  0,1.  This  0.1  luminance 
contrast  requirement  does  not  apply  to  special  displays  specifically  designed 
for  legibility  in  sunlight.  For  low  ambient  illumination  applications  (e.g., 
MlL-L-25467) ,  this  ratio  should  be  at  least  9.0  (See  3.17),  with  the 
background  luminance  less  than  the  figure  luminance, 

5.2.2.1.13  Lamp  redundancy.  Incandescent  display  lamps  shall  Incorporate 
filament  redundancy  "or  diiaT  i amps .  When  one  filament  or  bulb  fails,  the 
intensity  of  the  light  shall  decrease  sufficiently  to  indicate  the  need  for 
lamp  replacement,  but  not  so  much  as  to  degrade  operator  performance. 

5.2.2.1.14  Lamp  testing.  When  indicator  lights  using  Incandescent  bulbs 
are  installed  on  a  control  panel,  a  master  light  test  control  shall  be 
incorporated.  When  applicable,  design  shall  allow  testing  of  all  control 
panels  at  one  time.  Panels  containing  three  or  fewer  lights  may  be  designed 
for  individual  press-to-test  bulb  testing.  Circuitry  should  be  designed  to 
test  the  operation  of  the  total  Indicator  circuit.  If  dark  adaptation  is  a 
factor,  a  means  for  reducing  total  Indicator  light  brightness  during  test 
operation  shall  be  provided. 
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5.2.2.U15  Lamp  removal,  method.  Where  possible,  lamps  shall  be  removable 
and  replaceable  from  the  front  of  the  display  panel.  The  procedure  for  lamp 
removal  and  replacement  shall  not  require  the  use  of  tools  and  shall  be  easily 
and  rapidly  accomplished. 

5.2.2.1.16  Lynp  removal,  safety.  Display  circuit  design  shall  permit  lamp 
removal  and  replacement  while  power  is  applied  without  causing  failure  of 
indicator  circuit  components  or  imposing  personnel  safety  hazards. 

5.2.2.1.17  Indicator  covers.  If  design  of  legend  screen  or  indicator 
covers  does  not  prevent  inadvertent  interchange,  a  means  shall  be  provided  for 
checking  the  covers  after  installation  to  insure  they  are  properly  installed> 

5.2.2.1.18  Color  coding.  With  the  exception  of  aircrew  station  signals 
which  shall  conform  to  M1[-ST0-411,  and  training  equipment  which  shall  conform 
to  MIL-T-23991,  transilluminated  displays  shall  conform  to  the  following  color 
coding  scheme,  in  accordance  with  Type  I  -  Av/ation  colors  of  MIL-C-25050. 

a.  RED  shall  be  used  to  alert  an  operator  that  the  system  or  any 
portion  of  the  system  is  inoperative,  or  that  a  successful  mission  is  not 
possible  until  appropriate  corrective  or  override  action  is  taken.  Examples 
of  indicators  which  should  be  coded  RED  are  those  which  display  such 
information  as  “no-go",  "error",  “failure",  “malfunction",  etc, 

b.  FLASHING  RED  shall  be  used  only  to  denote  emergency  conditions  which 
require  operator  action  to  be  taken  without  undue  delay,  or  to  avert  impending 
personnel  Injury,  equipment  damage,  or  both. 

c.  YELLOW  shall  be  used  to  advise  an  operator  that  a  condition  exists 
which  is  marginal.  YELLOW  shall  also  be  used  to  alert  the  operator  to 
situations  where  caution,  recheck,  or  unexpected  delay  is  necessary. 

d.  GREEN  shall  be  used  to  indicate  that  the  monitored  equipment  is  in 
tolerance  or  a  condition  is  satisfactory  and  that  it  is  all  right  to  proceed 
(e.g.,  “go-ahead",  "in-tolerance“,  “ready",  “function  activated"). 

e.  WHITE  shall  be  used  to  Indicate  system  conditions  that  do  not  have 
“right"  or  “wrong"  implications,  such  as  alternative  functions  “e.g..  Missile 
No.  1  selected  for  launch,  etc.)  or  transitory  conditions  (e.g.,  action  or 
test  in  progress,  function  available),  provided  such  indication  does  not  imply 
success  or  failure  of  operations. 

f.  BLUE  may  be  used  for  an  advisory  light,  but  preferential  use  of  BLUE 
should  be  avoided. 

5.2.2.1.19  Flashing  1 iqhts.  The  use  of  flashing  lights  shall  be  minimized. 
Flashing  1  i ghtT  slioutT be  used  only  when  it  is  necessary  to  call  the 
operator's  attention  to  some  condition  requiring  immediate  action.  The  flash 
rate  shall  be  within  3  to  5  flashes  per  second  with  approximately  equal 
amounts  of  ON  and  OFF  time.  Flashing  lights  «di1ch  could  be  simultaneously 


35 


MIL-STD-1472D 


active  should  have  synchronized  flashes.  If  the  Indicator  is  energized  and 
the  flasher  device  fails*  the  light  shall  illuminate  and  burn  steadily  (see 
5.3.2.4). 


5. 2. 2. 2  Legend  lights. 

5. 2. 2. 2.1  Use.  Legend  lights  shall  be  used  in  preference  to  simple 
indicator  liglit?  except  where  design  considerations  demand  that  simple 
indicators  be  used. 

5. 2. 2. 2. 2  Color  coding.  Legend  lights  shall  be  color  coded  in  conformance 
with  5.2.2.1.'f¥I  Legend  lights  required  to  denote  personnel  or  equipment 
disaster  (FLASHING  RED)*  caution  or  impending  danger  (YELLOW),  and  master 
summation  go  (GREEN)  or  no-go  (RED),  shall  be  discriminably  larger,  and 

.  preferably  brighter,  than  all  other  legend  lights. 

5. 2. 2. 2. 3  Positive  vs  negative  legend.  When  the  operator's  dark  adaptation 
must  be  maintained,  or  where  legibility  in  high  ambient  illumination  is 
critical,  illuminated  label/opaque  background  format  shall  be  used  and 
illuminated  background/opaque  label  format  shall  be  used  only  for  critical 
alerting  indicators  (e.g.,  master  warning  lights).  Where  operator  dark 
adaptation  is  not  required,  illuminated  background/opaque  label  format  should 
be  used;  contrast  reversal  may  be  employed  under  these  conditions  to  designate 
displays  which  have  physical  appearance  similar  to  legend  switches  on  the  same 
panel . 

5. 2. 2. 2. 4  Lettering.  The  size  and  other  characteristics  of  lettering  shall 
conform  to  5.5"He"r*ein,  or  as  otherwise  specified  by  the  procuring  activity. 

5. 2. 2. 2. 5  Visibility  and  legibnitv.  In  other  than  aircrew  stations,  and 
with  the  exception  of  warning  and  caution  Indicators,  the  lettering  on 
single-legend  indicators  shall  be  visible  and  legible  whether  or  not  the 
indicator  is  energized.” 

5. 2. 2. 2. 6  Multi -function  legends.  Indicators  designed  to  provide 
alternately-presented  Tegends  sK^^^^^  present  only  one  legend  at  a  time,  i.e., 
only  the  legend  in  use  shall  be  visible.  If  the  indicator  device  utilizes 
"stacked"  legends,  it  shall  be  designed  so  that: 

a.  When  the  rear  legend  Is  energized,  it  shall  not  be  obscured  by  the 
front  legend. 

b.  Parallax  is  minimized. 

c.  Rear  legends  have  approximately  equal  brightness  to  front  legends, 
and  the  contrast  between  rear  legends  and  background  is  equal  to  that  of  the 
front  legend  and  its  background. 

5. 2.2. 3  Simple  indicator  lights. 
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5. 2. 2. 3.1  Use.  Simple  Indicator  lights  should  be  used  when  design 
considerations  preclude  the  use  of  legend  lights. 

5. 2. 2. 3. 2  Spacfng.  The  spacing  between  adjacent  edges  of  simple  round 
indicator  light  fixtures  shall  be  sufficient  to  permit  unambiguous  labeling, 
signal  interpretation,  and  convenient  bulb  removal. 

5. 2. 2. 3. 3  Coding.  Simple  indicator  lights  shall  be  coded  in  conformance 
with  Table  II;  however,  the  different  sizes  shown  are  intended  only  for  the 
attention-getting  value  that  larger  lights  of  at  least  equal  luminance  provide 
in  relation  to  indicator  lights  of  lesser  importance. 

5. 2. 2. 4  Transilluminated  panel  assemblies. 

5. 2. 2. 4.1  Use.  Transilluminated  (integrally  lighted)  panel  assemblies  may 
be  used  to: 

a.  Provide  illuminated  labels  for  a  control  panel. 

b.  Provide  a  light  source  for  illuminating  transilluminated  control 

knobs. 

c«  Provide  illuminated  association  markings  on  a  control  panel,  e.g., 
connecting  lines  between  controls,  outlines  around  a  functionally-related 
group  of  controls  or  displays  or  both. 

d.  Create  a  pictorial! zed  representation  of  a  systen  process, 
communication  network,  or  other  Information/component  organization. 

5.2. 2. 4. 2  Large,  single  pictorial  graphic  panels.  Large,  single  pictorial 
graphic  panels,  used  to  di spVa'y  system  processTng,  communications  networks  or 
similar  applications,  shall  comply  with  requirements  for  visibility, 
legibility,  color  and  illumination  as  specified  herein. 

5. 2. 2. 4. 3  Re-lamping.  When  replaceable  incandescent  lamps  are  used  as  the 
illuminant  source  for  integral  lighting  of  panel  assemblies,  lamps  shall  be 
readily  accessible  without  disconnecting  the  panel(s).  A  sufficient  number  of 
lamps  shall  be  provided  so  that  failure  of  one  lamp  will  not  cause  any  part  of 
the  display  to  be  unreadable. 

5. 2. 2. 4. 4  Brightness.  Brightness  of  illuminated  markings  and 

t rans i  1 1 umi nate^  control s  shall  be  compatible  with  the  ambient  environment  and 
operating  conditions  (e.g.,  dark  adaptation  requirements).  Brightness  control 
(dinning}  by  the  operator  shall  be  provided  where  applicable  to  maintain 
appropriate  visibility  and  operator  dark  adaptation  level. 

5.2.3  Scale  indicators. 


S.2.3.1  General. 
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5*2. 3. 1.1  Types  of  scale  indicators.  The  types  of  scale  indicators  that 
may  be  used  include: 

a.  Moving-pointer,  fixed-scale,  circular,  curved  (arc),  horizontal 
straight,  and  vertical  straight. 

b.  Fixed-pointer,  moving-scale,  circular,  curved  (arc),  horizontal 
straight,  and  vertical  straight. 

5. 2. 3. 1.2  Use.  The  use  of  scale  indicators  should  conform  to  the  criteria 
in  Table  III  as  well  as  the  specific  criteria  contained  in  this  section. 
Moving-pointer,  fixed-scale  indicators  are  preferred  to  fixed-pointer, 
moving-scale  indicators.  The  latter  should  be  used  only  when  necessitated  by 
operational  requirements  or  other  conditions,  and  when  approved  by  the 
procuring  activity. 

5. 2. 3. 1.3  Type  of  information.  Scale  indicators  should  be  used  to  display 
quantitative  information  in  combination  with  qualitative  information  (such  as 
trend  and  direction-of -motion)  and  where  only  quantitative  information  is  to 
be  displayed  and  there  is  no  requirement  (such  as  speed  and  accuracy  of 
response)  which  demands  the  use  of  printers  or  counters. 

5. 2. 3. 1.4  Linear  scales.  Except  where  system  requirements  clearly  dictate 
nonlinearity  to  satisfy  operator  information  requirements,  linear  scales  shall 
be  used  in  preference  to  nonlinear  scales. 

5. 2. 3. 1.5  Scale  markings. 

5. 2. 3. 1.5.1  Graduations.  Scale  graduations  shall  progress  by  I,  2,  or  5 
units  or  decimal  multiples'  thereof. 

5. 2. 3. 1.5. 2  Intermediate  marks.  The  number  of  minor  or  Intermediate  marks 
between  numbered  scare  po'inters  shall  not  exceed  nine. 

5. 2. 3. 1.6  Numerals. 

5. 2. 3. 1.6.1  Major  marks.  Except  for  measurements  that  are  normally 
expressed  In  decimals,  whole  numbers  shall  be  used  for  major  graduation  marks. 

5. 2. 3. 1.6. 2  Starting  point.  Display  scale  shall  start  at  zero,  except 
where  this  would  be  inappropriate  for  the  function  involved. 

5.2.3. 1.7  Pointers. 

5. 2. 3. 1.7.1  length .  The  control  or  display  pointer  should  extend  to,  but 
not  overlap,  the  shortest  scale  graduation  marks. 

5.2. 3. 1.7. 2  Tip  configuration.  The  pointer  tip  should  be  tapered  at  a 

350  mrad  (20“)  angle  [(40®)  Included  angle],  terminating  in  a  flat  tip  equal 
in  width  to  the  minor  scale  graduations. 
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5. 2. 3. 1.7. 3  Mounting.  The  pointer  shall  be  mounted  as  close  as  possible  to 
the  face  of  the  dial  to  minimize  parallax. 

5. 2. 3. 1.7. 4  Color.  Pointer  color  from  the  tip  to  the  center  of  the  dial 
shall  be  the  same  as  the  color  of  the  marks.  The  tail  of  the  pointer  shall  be 
the  same  color  as  the  dial  face,  unless  the  tail  is  used  as  an  indicator 
itself  or  unless  the  pointer  is  used  for  horizontal  alignment. 

5.2.3. 1.8  Luminance  contrast.  Luminance  contrast  (see  3.17)  of  at  least 
3.0  shall  be  provided  between  the  scale  face  and  the  markings  and  pointer. 

5. 2. 3. 1.9  Calibration  information.  Provision  shall  be  made  for  placing 
calibration  information  on  instruments  without  degrading  dial  legibility. 

5.2.3.1.10  Coding. 


5.2.3.1.10.1  Use.  Coding  on  the  face  of  scale  indicators  may  be  used  to 
convey  such  information  as  desirable  operating  range,  dangerous  operating 
level,  caution,  undesirable,  and  inefficient. 

5.2.3.1.10.2  Pattern-  or  color-coding.  When  certain  operating  conditions 
always  fall  within  a  given  range  on  the  scale,  these  areas  shall  be  made 
readily  identifiable  by  means  of  pattern-  or  color-coding  applied  to  the  face 
of  the  instrument, 

5.2.3.1.10.3  Choice  of  colors.  Red,  yellow,  and  green  may  be  applied, 
provided  they  conf brin  to 'the  meani ngs  specified  in  5.2.2.1.18  and  are 
distinguishable  under  all  expected  lighting  conditions. 

5.2.3.1.10.4  Pattern  coding.  Zone  scales  may  be  shape  coded  when  the 
indicator  must  be  viewed  in  blackout  stations  or  where  the  illuminant  color 
will  cause  difficulty  in  color  band  discrimination. 

S*2.3.2  Moving-pointer,  fixed-scale  Indicators. 

5. 2. 3. 2.1  Numerical  progression.  The  increase  of  numerical  progression  on 
fixed  scales  shaVY  read  cToclTwi se ,  from  left  to  right,  or  from  the  bottom  up, 
depending  on  display  design  and  orientation. 

5. 2. 3. 2. 2  Orientation.  Numbers  on  stationary  scales  shall  be  oriented  in 
the  upright  posit fbn. 

5. 2. 3.2. 3  Circular  scales. 


5. 2. 3.2. 3. 1  Scale  reading  and  pointer  movement.  The  magnitude  of  the  scale 
reading  shall  Increase  with  clockwise  movemerit  of  the  pointer. 

5. 2. 3. 2. 3. 2  Zero  position  and  direction  of  movement.  When  positive  and 
negative  values  are  displayed  around  a  zero  or  a  null  position,  the  zero  or 
null  point  shall  be  located  at  either  the  12  or  9  o'clock  position.  The 
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magnitude  of  positive  values  shall  increase  with  clockwise  movement  of  the 
pointer,  and  the  magnitude  of  negative  values  shall  increase  with 
countercl ockwi se  movement . 

5. 2. 3. 2. 3. 3  Scale  break.  There  shall  be  an  obvious  break  of  at  least 
175  mrad  (10®)  of  arc  between  the  two  ends  of  the  scale,  except  on 
multi  revolution  instruments  such  as  clocks. 

5.2. 3. 2. 3. 4  Number  of  pointers.  Whenever  precise  readings  are  required  not 
more  than  two  coaxial  pointers  shall  be  mounted  on  one  indicator  face. 

5. 2. 3. 2. 3. 5  Pointer  alignment.  When  a  stable  value  exists  for  given 
operating  conditions  in  a  groupl  of  circular-scale  indicators,  the  indicators 
shall  be  arranged  either  in  rows  so  that  all  pointers  line  up  horizontally  on 
the  9  o’clock  position  under  normal  operating  conditions  or  in  columns  so  that 
all  pointers  line  up  vertically  in  the  12  o’clock  position  under  normal 
operating  conditions.  If  a  matrix  of  indicators  is  needed,  preference  shall 
be  given  to  the  9  o'clock  positlen. 

5. 2. 3. 2. 3. 6  Relative  position  of  scale  marks  and  numbers.  When  reading 
time  and  accuracy  are  critical,  circular  scale  markings  and  location  of 
associated  numbers  shall  be  arranged  to  prevent  pointers  from  covering  any 
portion  of  the  scale  marks  or  numerals,  and  scale  marks  shall  be  on  or  close 
to  the  plane  of  the  pointer  tip  to  avoid  visual  parallax  (see  Figure  3).  If 
readout  accuracy  is  not  critical  (i.e.,  gross  relationship  between  the  pointer 
and  number  is  all  that  is  required),  an  arrangement  of  numerals  inside  the 
scale  annulus  may  be  used.  (See  examples  in  Figure  3). 

5. 2. 3. 2. 4  Curved  (arc),  horizontal  straight,  and  vertical  straight  scales. 

5.2. 3. 2. 4.1  Scale  reading  and  pointer  movement.  The  magnitude  of  the  scale 
reading  shall  increase  with  movement  of  the  pointer  up  or  to  the  right. 

5. 2. 3. 2. 4. 2  Zero  position  and  direction  of  movements.  When  positive  and 
negative  val ues  are  dlspl ayed”  around' a  zero  pofni,  the  magn i tude  of  positive 
values  shall  increase  with  movement  of  the  pointer  up  or  to  the  right,  and  the 
magnitude  of  negative  values  shall  increase  with  movement  of  the  pointer  down 
or  to  the  left. 


5. 2. 3. 2. 4. 3  PI acement  of  poi nters .  Pointers  shall  be  located  to  the  right 
of  vertical  scat es  ahtf  at  the  bottom  of  horizontal  scales. 

5. 2. 3. 2. 4. 4  Placement  of  numerals.  Numerals  shall  be  placed  on  the  side  of 
the  graduation  marks  away  from  the  pointer  to  avoid  having  numbers  covered  by 
the  pointer.  If  space  is  limited  (for  curved  or  arc  scales)  numerals  may  be 
placed  inside  of  graduation  marks  to  avoid  undue  constriction  of  the  scale. 

5. 2. 3. 2. 4. 5  Pointer  alignment.  When  a  common  stable  value  exists  for  given 
operating  conditions  in  a  group  of  indicators,  they  shall  be  arranged  either 


42 


MIL.STD-U72D 


ALTIWWATI  MWWAT  POW  QWCMM 

wtAoiNQ  or  wmmw 


FOR  MAXIMUM  READING  ACCURACY 

(THE  POINTER  IS  AN  EQUAL  DISTANCE  > 
NOMINAL  aS-1  J  mm  (0.031-IL0ei  In.)  - 
FROM  ALL  SCALE  MARKS.  NEVER 
OVERLAPPINQ  ANY  MARK  OR  NUMERAL) 


TO  PNtVlNT  OR  MINIMIZi  VISUAL 
PARALLAX 


FIGURE  1 


RELATIVE  FOSITION  OF  SCALE  MARKS.  NUMERALS. 
AND  POINTERS  ON  CIRCULAR  DIALS 
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in  rows  so  that  all  pointers  line  up  horizontally  (for  vertical  scales)  or  in 
columns  so  that  all  pointers  line  up  vertically  (for  horizontal  scales), 

5, 2. 3. 3  Fixed-pointer,  movinq^scale  indicators, 

5. 2. 3. 3.1  Numerical  progression.  On  fixed-pointer,  moving  scale 
indicators,  numbers  shall  progress  in  magnitude  in  clockwise  direction  around 
the  faces  of  circular  dials  (counter-clockwise  dial  movement  for  numerical 
increase).  On  vertical  or  horizontal  straight  moving  scales,  numbers  shall 
increase  from  bottom  to  top  or  from  left  to  right. 

5. 2. 3. 3. 2  Orientation.  Numerals  on  moving  scales  shall  be  upright  when  in 
the  reading  position, 

5. 2. 3. 3. 3  Alignment  of  pointer  or  fixed  reference  line.  For  circular 
scales,  alignment  of  pointer  or  fixed  reference  line  shall  be  in  the 

12  o'clock  position  for  right-left  directional  information  and  in  the 
9  o'clock  position  for  up-down  information.  For  purely  quantitative 
information,  either  position  may  be  used, 

5. 2. 3. 3. 4  Setting.  If  the  display  will  be  used  for  setting  in  a  value 
(e.g.,  tuning  in  a  desired  wavelength),  the  unused  portion  of  the  dial  face 
shall  be  covered,  and  the  open  window  shall  be  large  enough  to  permit  at  least 
one  numbered  graduation  to  appear  at  each  side  of  any  setting, 

5. 2. 3. 3. 5  Tracking.  If  the  display  will  be  used  for  tracking,  as  in  the 
case  of  a  d1 recti onaT  indicator,  the  whole  face  of  the  dial  shall  be  exposed, 

5. 2. 3. 3. 6  Hovinq  tape  displays.  When  the  scale  length  required  for 
acceptable  reaBfout  accuracy  exceeds  the  limits  of  the  display  package  capacity 
(i.e.,  compaction  of  scale  marking  would  make  the  display  illegible  or  subject 
to  readout  error),  moving  tape  scale  format  may  be  used. 

5. 2. 3. 3. 7  Composite  scalar/pictorial  displays.  Combinations  of  scales, 

pointers  artd  plctoria'^izeci  syffiools  combine  functionally-related 

information  into  a  single  Instrument  or  display  (e.g.,  artificial  horizon, 
command  heading,  true/relative  bearing).  Design  of  significant  reference 
features  (e.g.,  aircraft  or  ship  syn4>ols,  horizon,  altitude  or  pitch  scales) 
shall  conform  to  the  general  criteria  herein  for  directlon-of-motion, 
scale-pointer  relations  Slips,  and  legibility. 

5«2,4  Cathode  ray  tube  (CRT)  displays. 

5. 2. 4.1  Signal  size.  Wien  a  target  of  complex  shape  is  to  be  distinguished 
from  a  nontarget  shape  that  is  also  complex,  the  target  signal  should  subtend 
not  less  than  6  mrad  (20  minutes)  of  visual  angle  and  should  subtend  not  less 
than  10  lines  or  resolution  elements.  Image  quality  shall  be  consistent  with 
the  operator's  needs. 
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5. 2. 4. 2  Viewing  distance.  A  400  mm  (16  in)  viewing  distance  shall  be 
provided  whenever  pracfi cable.  When  periods  of  scope  observation  will  be 
short,  or  when  dim  signals  must  be  detected,  the  viewing  distance  may  be 
reduced  to  250  mm  (10  in).  Design  should  permit  the  observer  to  view  the 
scope  from  as  close  as  desired.  Displays  which  must  be  placed  at  viewing 
distances  greater  than  400  mm  (16  in)  due  to  other  considerations  shall  be 
appropriately  modified  in  aspects  such  as  display  size,  symbol  size, 
brightness  ranges,  line-pair  spacing  and  resolution. 

5. 2. 4. 3  Screen  luminance.  The  ambient  illuminance  shall  not  contribute 
more  than  26X  of  screen  brightness  through  diffuse  reflection  and  phosphor 
excitation.  A  control  shall  be  provided  to  vary  the  CRT  luminance  from  10%  of 
minimum  ambient  luminance  to  full  CRT  luminance.  A  control  shall  be  provided 
to  vary  the  luminous  symbol/dark  background  or  dark  symbol /I umi nous  background 
contrast  ratio.  Contrast  adjustment  shall  not  be  included  in  flight  deck 
displays  because  they  are  disallowed  by  FAA  regulation, 

5. 2. 4. 4  Faint  signals.  Whan  the  detection  of  faint  signals  is  required  and 
when  the  ambient  illuminance  may  be  above  2.7  lux  (0.25  ft-c),  scopes  shall  be 
hooded,  shielded,  or  recessed,  (In  some  Instances,  a  suitable  filter  system 
may  be  employed,  subject  to  approval  by  the  procuring  activity.) 

5. 2. 4. 5  luminance  range  of  adjacent  surfaces.  The  luminance  range  of 
surfaces  Ifwnecli'ately  adjacent  to  scopes  shalf  be  between  10%  and  100%  of 
screen  background  luminance.  With  the  exception  of  emergency  indicators,  no 
light  source  in  the  immediate  surro»4nding  area  shall  be  of  a  greater  luminance 
than  the  CRT  signal. 

^•2.4,6  Ambient  illuminance.  The  ambient  Illuminance  in  the  CRT  area  shall 
be  appropriate  for  other  visual  functions  (e.g.,  settinq  controls,  reading 
instruments,  maintenance)  but  shall  not  degrade  the  visibility  of  signals  on 
the  CRT  display.  When  a  CRT  display  Is  used  in  variable  ambient  illuminance, 
illuminance  controls  shall  be  provided  to  dim  all  light  sources.  Including 
illuminated  panels,  indicators  and  switches  In  the  immediate  surround. 
Automatic  adjustment  of  CRT  brightness  may  be  used  if  the  CRT  brightness  is 
automatically  adjusted  as  a  function  of  ambient  Illuminance  and  the  range  of 
automatic  adjustment  Is  adequate  for  the  full  range  of  ambient  illuminance. 

5. 2. 4. 7  Reflected  glare.  Reflected  glare  shall  be  minimized  by  proper 
placement  of ^he  scope  rel at i ve  to  the  light  source,  use  of  a  hood  or  shield, 
or  optical  coatings  on  the  CRT  or  filter  control  over  the  light  source. 

5.2.4. 8  Adjacent  surfaces.  Surfaces  adjacent  to  the  scope  shall  have  a 
dull  matte  TTnTsK, 

5.2.4.9  Pictorial/graphic  situation  fomats.  Pictorial  or  situation  data 
such  as  plan  position  indicator  data,  shat V  be  presented  as  luminous  symbols/ 
dark  background* 
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5,2.4.10  Font  legibility.  Where  alpha-numeric  characters  appear  on 
CRT-like  displays,  the  font  style  shall  allow  discrimination  of  similar 
characters,  such  as  letter  1  and  number  1;  letter  Z  and  number  2. 

5.2.5  Large-screen  displays. 

5. 2. 5.1  Use.  Large-screen  displays  may  be  used  when: 

a.  A  group  of  operators  frequently  refer  to  the  same  information  and 
are  required  to  interact  as  a  team,  based  on  the  same  information. 

b.  One  or  more  members  of  a  team  of  operators  must  move  about,  yet 
require  frequent  referral  to  information  required  to  make  decisions,  but  which 
they  cannot  carry  with  them,  or  do  not  have  displayed  at  their  assigned 
position(s) . 

c.  Space  or  other  constraints  preclude  the  use  of  individual  displays 
for  each  team  member  to  call  up  commonly-used  information. 

d.  It  may  be  desirable  to  have  general  information  available  to  persons 
who  should  not  interrupt  on-going  group  operations  by  looking  over  the 
shoulder(s)  of  individual  operator(s)  to  see  their  individual  displays. 

5. 2. 5. 2  Avoidance.  Large-screen  displays  shall  be  used  only  when  the 
spatial  and  environmental  conditions  allow  satisfactory  observational  geometry 
to  insure  that  all  critical  operators  have  appropriate  visual  access  in  terms 
of  viewing  distance,  angle  and  lack  of  interference  from  intervening  objects, 
personnel  or  ambient  lighting.  If  the  display  is  optically  projected,  see 
5.2 .6.6. 


5. 2. 5. 3  Viewing  distance.  The  display  shall  not  be  placed  further  from  an 
observer  than  will  provide^ appropriate  resolution  of  critical  detail  presented 
on  the  display  (see  legibility  requirements  of  5.5).  The  display  shall  not  be 
closer  to  any  observer  than  1/2  the  display  width  or  height,  whichever  is 
greater. 

5. 2. 5. 4  Physical  interruption  of  view.  Large  screen  displays  shall  not  be 
located  with  respect  to  critical  observers  so  that  the  view  of  the  display  is 
obscured  regularly  by  persons  moving  about— by  normal  traffic  patterns. 

5. 2. 5. 5  Control  of  displayed  information.  Control  of  large-screen  group 
display  systems  shall  ensure  that  crit'icar'information  cannot  be  modified 
or  deleted  inadvertently  or  arbitrarily;  and  therefore: 

a.  Control  of  changes  in  the  group  display  shall  be  under  the  control 
of  designated  operators  who  operate  according  to  pre-established  procedures, 
upon  command  of  a  person  in  charge,  or  both. 

b.  When  an  individual  must  make  changes  that  are  of  interest  only  to 
him  or  her,  a  separate,  remote  display  shall  be  provided. 
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5. 2. 5. 6  Content  of  displayed  Infomation.  The  content  of  displayed 
information  shall  be  evident  to  a  trained  observer  without  requiring  reference 
to  display  control  settings. 

5.2.6  Other  displays. 

5. 2. 6.1  General . 

5. 2. 6. 1.1  Types .  Where  applicable,  direct-reading  counters,  printers, 
plotters,  flags,  optical  projection,  LED,  gas  discharge,  liquid  crystal  and 
electroluminescent  displays  may  be  used. 

5. 2. 6. 1.2  Applications.  The  selection  of  the  above  types  of  displays  for 
various  applications  should  be  based  on  the  following  specific  criteria  as 
well  as  the  criteria  in  Table  III. 

5. 2. 6. 2  Counters. 

5. 2. 6. 2.1  Use.  Counters  should  be  used  for  presenting  quantitative  data 
when  a  continuous  trend  Indication  is  not  required  and  when  a  quick,  precise 
indication  is  required. 

5. 2. 6. 2. 2  Mounting.  Counters  shall  be  mounted  as  close  as  possible  to  the 
panel  surface  so  as  to  minimize  parallax  and  shadows  and  maximize  the  viewing 
angle. 


5. 2. 6. 2. 3  Spacing  between  numerals.  The  horizontal  separation  between 
numerals  shall  be  between  one-quarter  and  one-half  the  numeral  width.  Commas 
shall  not  be  used. 

5. 2. 6. 2. 4  Movement . 

Snap  action.  Numbers  shall  change  by  snap  action  in  preference  to 
continuous  movement. 

b.  Rate.  Numbers  shall  follow  each  other  hot  faster  than  2  per  second 
when  the  observer  is  expected  to  read  the  numbers  consecutively. 

Direction.  The  rotation  of  the  counter  reset  knob  shall  be 
clockwise  to  1 ncrease  the  counter  Indication  or  to  reset  the  counter, 

tl*  Reset .  Counters  used  to  indicate  the  sequencing  of  equipment  shall 
be  designed  to  be  reset  automatically  upon  completion  of  the  sequence. 
Provision  shall  also  be  made  for  manual  resetting.  Where  pushbuttons  are  used 
to  manually  reset  mechanical  counters,  actuating  force  required  shall  not 
exceed  16.7  N  (60  oz). 

5. 2. 6. 2. 5  Illumination.  Counters  shall  be  self-illuminated  when  used  in 
areas  in  which  "amb i ent  i  1 1  uml n at i on  will  provide  display  luminance  below 

3.5  cd/m2  (1  ft-L). 
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5. 2. 6. 2. 6  Finish*  The  surface  of  the  counter  drums  and  surrounding  areas 
shall  have  a  dull  finish  to  minimize  glare. 

5. 2. 6. 2. 7  Contrast.  Color  of  the  numerals  and  background  shall  provide 
high  contrast  (black  on  white  or  converse,  as  appropriate). 

5. 2. 6. 3  Printers. 

5.2. 6, 3*1  Use.  Printers  should  be.  used  when  a  visu?(l  record  of  data  is 
necessary  or  i^irable.  Use  of  printers  should  conform  to  Table  III. 

5. 2. 6. 3. 2  Visibility.  The  printed  matter  shall  not  be  hidden,  masked  or 
obscured  in  a  manner  that  impairs  direct  reading. 

5.2. 6. 3. 3  Contrast.  A  minimum  of  3.0  luminance  contrast  shall  be  provided 
between  the  printed  material  and  the  background  on  which  It  is  printed. 

5. 2. 6. 3. 4  Ill ufiii nation.  The  printer  shall  be  provided  with  internal 
illumination  it  the  printed  matter  is  not  legible  in  the  planned  operational 
ambient  illumination. 

5. 2. 6. 3. 5  Take-up  provision.  A  take-up  device  for  printed  material  shall 
be  provided. 


5. 2. 6. 3. 6  Annotation.  Where  applicable,  printers  should  be  mounted  so  that 
the  printed  matter  (e.g.,  paper,  metal ized  paper)  may  be  easily  annotated 
while  still  in  the  printer. 

5. 2. 6. 3. 7  legibility.  The  print  output  shall  be  free  from  character  line 
mi sreg  1  strat i onT  cTiaracter  tilt  or  smear. 

5. 2. 6. 3. 8  Printed  tapes.  The  Information  on  the  tapes  shall  be  printed  in 
such  a  manner  that  It  can  be  read  as  It  is  received  from  the  machine  without 
requiring  the  cutting  and  pasting  of  tape  sections. 

5. 2. 6. 3. 9  Control,  replenishment  and  service.  Printers  shall  conform  to 
the  criteria  o?  T.JX4 ,S. 

5. 2. 6. 4  Plotters  and  recorders. 

5. 2*6. 4. 1  Use.  Plotters  and  recorders  may  be  used  when  a  visual  record  of 
continuous  grille  data  Is  necessary  or  desirable. 

5. 2. 6. 4.2  Visibility.  Critical  graphics  (those  points,  curves  and  grids 
that  must  be  observed  when  the  recording  Is  being  made)  shall  not  be  obscured 
by  pen  assembly,  arm  or  other  hardware  elements, 

5. 2. 6. 4. 3  Contrast.  A  minimum  of  1.0  luminance  contrast  (see  3.17)  shall 
be  provided  between  the  plotted  function  and  the  background  on  which  it  is 
drawn. 
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5. 2. 6. 4. 4  Take-up  device.  A  take-up  device  for  extruded  plotting  materials 
shall  be  provided  when  necessary  or  desirable. 

5. 2. 6. 4. 5  Job  aids.  Graphic  overlays  should  be  provided  where  these  may  be 
critical  to  proper  interpretation  of  graphic  data  as  it  is  being  generated. 

Such  aids  shall  not  obscure  or  distort  the  data. 

5. 2. 6. 4. 6  Smudqinq/smearing.  The  plot  should  be  resistant  to  smudging  or 
smearing  under  operational  use. 

5. 2. 6. 4. 7  Annotation.  Where  applicable,  plotters  and  recorders  should  be 
designed  or  mounted  so  that  the  operator  can  write  on  or  mark  the  paper  while 
it  is  still  in  the  pi  otter/ recorder. 

5. 2. 6. 4. 8  Control,  replenishment  and  service.  Plotters  and  recorders  shall 
conform  to  criteria  nerein  with  regard  to: 

a.  Controls  and  displays  used  to  start,  stop  or  adjust  the  machine  and 
critical  operating  elements, 

b.  Positive  indication  of  the  remaining  supply  of  plotting  materials 
(e.g.,  paper,  ink,  ribbon), 

c.  Insertion,  adjustment  for  operation,  and  removal  of  paper, 
replenishment  of  ink  supply,  replacement  of  pen  or  other  items  determined  to  be 
operator  tasks,  without  requiring  disassembly,  special  equipment  or  tools, 

d.  Minor  servicing  on  site  by  a  technician,  e.g.,  adjustment  of  drive 
system,  cleaning,  or  replacement  of  operating  items  that  ordinarily  would 
not  be  available  to  an  operator* 

5. 2. 6. 5  Flags. 

5. 2. 6. 5.1  Use.  Flags  should  be  used  to  display  qualitative,  non-emergency 
conditions,  tfse  of  flags  should  conform  to  Table  III. 

5. 2. 6. 5. 2  Mounting.  Flags  shall  be  mounted  as  close  to  the  surface  of  the 
panel  as  possible  without  restricting  their  movement  or  obscuring  necessary 
information. 


5. 2. 6. 5. 3  Snap  action.  Flags  shall  operate  by  snap  action. 

5. 2. 6. 5. 4  Contrast.  A  minimum  of  3.0  luminance  contrast  (see  3.17)  shall 
be  provided  between  i^lags  and  their  backgrounds  under  all  expected  lighting 
conditions. 


5. 2. 6. 5, 5  Malfunction  indication.  When  flags  are  used  to  indicate  the 
malfunction  of  a  visual  display,  the  malfunction  position  of  the  flag  shall 
obscure  part  of  the  operator's  view  of  the  malfunctioning  display  and  shall  be 
readily  apparent  to  the  operator  under  all  expected  levels  of  illumination. 
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5*2,6. 5, 6  Legend*  When  a  legend  is  provided  on  the  flag,  the  lettering 
shall  appear  upright  when  the  flag  assumes  the  active  or  no-go  position* 

5. 2. 6, 5*7  Test  provision*  A  convenient  means  shall  be  provided  for  testing 
the  operation  of  nags. 

5. 2. 6. 6  Large  screen  optical  projection  displays. 

5. 2, 6. 6,1  Use.  Providing  ambient  light  can  be  properly  controlled,  optical 
projection  dismays  are  suitable  for  applications  requiring  group 
presentation,  pictorial  and  spatial  information,  past  history  vs  real-time 
presentation,  synthetically  generated  pictures,  simulation  of  the  external 
world  and  superposition  of  data  from  more  than  one  source.  Rear  projection 
shall  be  used  where  physical  obstructions  to  front  projection  result  in  poor 
visibility  or  where  work  areas  require  high  ambient  illumination  for  other 
activities. 


5. 2. 6. 6. 2  Seating  area.  Viewing  distance/image  width  relationship  and 
off-center  viewing'  of  optical  projection  displays  for  group  viewing  should 
conform  to  the  preferred  limits  of  Table  IV  and  shall  not  exceed  the 
acceptable  limits  indicated*  For  individual  viewing  from  a  fixed  location, 
off-centerline  viewing  shall  not  exceed  175  mrad  (10®)* 


TABLE  IV,  GROUP  VIEWING  OF  OPTICAL  PROJECTION  DISPLAYS 


FACTOR 

OPTIMUM 

PREFERRED 

LIMITS 

ACCEPTABLE 

LIMITS 

-  ,  .  Wt«Hn«  diftanoa 

terocn  diaeonal 

4 

3-e 

2—8 

Anytc  oft  omitrliiM 
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5. 2. 6. 6. 3  Image  luminance  and  light  distribution.  Image  luminance  and 
light  distribution  should  conform  to  the  preferred  limits  and  shall  not  exceed 
tne  acceptable  limits  of  Table  IV.  In  any  case,  the  luminance  of  the  screen 
center  at  maximum  viewing  angle  shall  be  at  least  half  its  maximum  luminance. 

5. 2. 6. 6. 4  Legibility  of  projected  data. 

5. 2. 6. 6. 4.1  Style.  A  simple  style  of  numerals  and  letters  shall  be  used. 
Capital  letters  shall  be  used,  rather  than  lower  case,  except  for  extended 
copy  or  lengthy  messages.  Stroke  width  shall  be  1/6  to  1/8  of  numeral  or 
letter  height,  but  may  be  narrower  for  light  markings  on  a  dark  background. 
Stroke  width  shall  be  the  same  for  all  letters  and  numerals  of  equal  height. 
Letter  and  numeral  widths,  character  spacing  and  word  spacing  shall  conform  to 
5. 5. 5, 5,  5, 5. 5. 6,  5.5.5.10,  and  5.5.5.11,  respectively, 

5. 2. 6. 6. 4. 2  Size.  The  height  of  letters  and  numerals  should  be  not  less 
than  4.5  mrad  (15  mi nutes)  of  visual  angle  and,  in  no  instance,  shall  be 
less  than  3  mrad  (10  minutes)  as  measured  from  the  longest  anticipated 
viewing  distance. 

5. 2. 6. 6. 4. 3  Contrast. 

5. 2. 6. 6. 4. 3.1  Luminance  ffttio.  Under  optimal  ambient  lighting  conditions, 
the  luminance  ratio  (see  3.l5)  for  optically  projected  displays  should  be 
500:1.  The  minimum  luminance  ratio  for  viewing  charts,  printed  text  and  other 
linework  via  slides  or  opaque  projectors  shall  be  5:1.  For  projections  which 
are  limited  in  shadows  and  detail,  such  as  animation  and  photographs  with 
limited  luminance  range,  the  minimum  luminance  ratio  shall  be  25:1.  For 
images  which  show  a  full  range  of  colors  (or  grays  in  black-and-white 
photographs),  the  minimum  luminance  ratio  shall  be  100:1. 

5. 2. 6. 6. 4. 3. 2  Direction  of  contrast.  Contrast  may  be  either  light  on  a 
dark  background  or  vice-versa,  except  where  superposition  is  used.  For 
subtractive  superposition  (at  the  source),  data  shall  be  presented  as  dark 
markings  on  a  transparent  background.  For  additive  superposition  (at  the 
screen),  data  shall  be  presented  as  light  markings  on  an  opaque  background. 
Colored  markings  against  colored  backgrounds  of  comparable  brightness  shall  be 
avoided. 

5. 2. 6. 6. 4. 4  Alignment.  Misregistration  of  superimposed  atphanusneric  data 
or  other  symbols  snail  be  minimized. 

5. 2. 6. 6. 5  Keystone  effects.  Projector- screen  arrangement  shall  minimize 
"keystone  effect,"  e.g.,  distortion  of  projected  data  proportions  due  to 
non-perpendicularity  between  projector  and  screen. 

5. 2. 6. 7  Light  emitting  diodes  (LEDs). 

5. 2. 6. 7.1  General .  In  general,  the  standard  for  LEOs  shall  be  the  same  as 
the  requi rements  for  transilluminated  displays,  paragraph  5.2.2  of  this 
standard,  unless  specified  below. 
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5. 2. 6. 7. 2  Use.  LEDs  may  be  used  for  transillumlnated  displays,  including 
legend  and  simple  indicator  lights,  and  for  matrix  (alphanumeric)  displays, 
only  If  the  display  is  bright  enough  to  be  readable  In  the  environment  of 
intended  use  (enclosure,  bright  sunlight,  low  temperature). 

5. 2. 6. 7. 3  Intensity  control.  The  dimming  of  LEDs  should  be  compatible  with 
the  dimming  oT'lnHndescintnTmps, 

5. 2. 6. 7. 4  Color  coding.  LED  color  coding  shall  conform  to  5.2.2.1.18, 
herein,  with  lih'e  exception  of  red  alpha-numeric  displays;  however,  red  LEOs 
should  not  be  located  In  the  proximity  of  red  lights  used  as  outlined  in 
5.2.2.1.18. 


5. 2. 6. 7. 5  Lamp  testing.  LED  indicator  lights  with  100,000  hours  or  longer 
MTBF  (mean  time  between  failure)  shall  not  require  the  lamp  test  capability 
specified  in  5.2.2.1.14. 

5. 2. 6. 8  Dot  matrix/segmented  displays. 

5. 2. 6. 8.1  General .  The  design  criteria  below  shall  be  applied  to  those 
displays  (LED,  CftY,  gas  discharge,  liquid  crystal  and  incandescent)  used  for 
the  presentation  of  alphanumeric  and  symbolic  information. 

5. 2. 6. 8. 2  Use.  Dot  matrix,  fourteen  segment  and  sixteen  segment  displays 
may  be  used  for  applications  involving  interactive  computer  systems, 
instruments,  avionics,  navigation  and  communication  equipment,  where  the 
presentation  of  alphanumeric,  vector-graphic,  symbolic  or  real-time 
information  is  required.  Seven  segment  displays  shall  only  be  used  for 
applications  requiring  numeric  information. 

5. 2. 6. 8. 3  Symbol  definition.  The  smallest  definition  for  a  dot  matrix 
shall  be  5  by  /'"dot's,  with  i  hy  9  preferred.  If  system  requirements  call  for 
symbol  rotation,  a  minimum  of  8  by  11  is  required,  with  15  by  21  preferred. 

5. 2. 6. 8. 4  Alphanumeric  character  and  symbol  sizes.  Alphanumeric  and 
symbolic  characters  shall  'not  subtend  less  'tHan''"CT"mriid  (16  min)  of  visual 
angle.  Flight  display  characters,  which  must  be  read  under  aircraft 
environmental  conditions,  shall  subtend  not  less  than  7  mrad  (24  min)  of 
visual  angle. 

5. 2. 6. 8. 5  Use  of  upper  case.  Alphanumeric  characters  shall  be  upper  case, 

5. 2. 6. 8. 6  Viewing  angle.  The  optimum  viewing  angle  is  perpendicular  to 
the  display,  Dot  mat r Ik’ ^r  segmented  displays  should  not  be  presented  for 
viewing  at  an  angle  larger  than  610  mrad  (35*)  off  axis. 

5. 2. 6. 8. 7  Emitter  color.  Monochromatic  displays  shall  use  the  following 
colors  in  ‘order  of  preference:  green  (555nm),  Yellow  (575nm),  orange  (585nm), 
and  red  (660nm).  Blue  emitters  should  be  avoided. 
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5. 2. 6. 8. 8  Intensity  control .  Dimming  controls  shall  be  provided  where 
applicable  to  maintain  appropriate  legibility  and  operator  dark  adaptation 
1 evel . 


5. 2. 6. 8. 9  Display  testing.  See  5. 2. 6. 7. 5. 

5.2.6.8.10  Location  of  red  alphnumeric  LEDs/ segmented  displays.  Red  LEDs/ 
segmented  displays  shall  not  be  grouped  with  or  located  adjacent  to  red 
warning  lights. 

5. 2. 6. 9  Electroluminescent  displays. 

5. 2. 6. 9.1  Use.  Electroluminescent  displays  may  be  used  wherever  system 
requi cements  iTctate  the  use  of  transilluminated  displays.  In  addition,  they 
may  replace  existing  mechanical  instrumentation  while  offering  advantages  of 
lighter  weight,  conservation  of  panel  spate,  lower  power  requirements,  lack  of 
heat  production,  uniform  distribution  of  illumination,  longer  life, 
elimination  of  parallax  and  flexibility  of  display.  Electroluminescent 
displays  may  also  be  used  where  sudden  lamp  failure  could  result  In 
catastrophic  consequences. 

5. 2. 6. 9. 2  Alphanumeric  character  and  symbol  si7es.  The  height  of 
alphanumeric  characters  and  geometric  and  pictorial  symbols  shall  not  subtend 
less  than  4,5  mrad  (15  minutes)  of  visual  angle.  Alphanumerical  characters 
shall  be  composed  of  upper  case  letters.  Flight  display  alphanumerics  shall 
not  subtend  less  than  7  mrad  (24  minutes)  of  visual  angle  to  insure  adequate 
legibility  under  aircraft  environmental  conditions. 
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5.3  Audio  displays. 


5.3.1  General . 


5. 3. 1.1  Use.  Audio  displays  should  be  provided  when; 

a.  The  information  to  be  processed  is  short,  simple,  and  transitory, 
requiring  immediate  or  time-based  response. 

b.  The  conmion  mode  of  visual  display  is  restricted  by  over-burdening; 
ambient  light  variability  or  limitation;  operator  mobility;  degradation  of 
vision  by  vibration,  high  g-forces,  hypoxia,  or  other  environmental 
considerations;  or  anticipated  operator  inattention. 

c.  The  criticality  of  transmission  response  makes  supplementary  or 
redundant  transmission  desirable. 

V 

d.  It  is  desirable  to  warn,  alert,  or  cue  the  operator  to  subsequent 
additional  response. 

e.  Custom  or  usage  has  created  anticipation  of  an  audio  display. 

f.  Voice  communication  is  necessary  or  desirable, 

5. 3. 1.2  Signal  type.  When  an  audio  presentation  is  required,  the  optimum 
type  of  signal  should  be  presented  in  accordance  with  the  Table  V, 

5. 3. 1.3  False  alarms.  The  design  of  audio  display  devices  and  circuits 
shall  preclude  fa 1 se  a1 arms . 

5 • 3. 1.4  Failure.  The  audio  display  device  and  circuit  shall  be  designed  to 
preclude  warning  signal  failure  in  the  event  of  system  or  equipment  failure 
and  vice  versa. 

5. 3. 1.5  Circuit  test.  All  audio  displays  shall  be  equipped  with  circuit 
test  devi ccs  or  other  means  of  operability  test. 

5. 3. 1.6  Aircrew  stations.  Audio  signals  for  air  crew  stations  shall 
conform  to  HtL-sYii-4 11,  where  applicable. 

5. 3. 1.7  Use  with  several  visual  displays.  One  audio  signal  may  be  used  in 
conjunction  with  severaT  visual  displays  1.  provided  that  immediate 
discrimination  Is  not  critical  to  personnel  safety  or  system  performance. 

5.3.2  Audio  warnings. 

5. 3. 2.1  Warning  signals.  Audio  signals  should  be  provided,  as  necessary, 
to  warn  personnel  of  impending  danger,  to  alert  an  operator  to  a  critical 
change  in  system  or  equipment  status,  and  to  remind  the  operator  of  a  critical 
action  or  actions  that  must  be  taken.  An  alert ing/waming  system  or  signal 
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TABLE  V.  FUNCTIONAL  EVALUATION  OF  AUDIO  SIGNALS 
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shall  provide  the  operator  with  a  greater  probability  of  detecting  the 
triggering  condition  than  his  normal  observation  would  provide  In  the  absence 
of  the  alerting/warning  system  or  signal.  NOTE;  Certain  audio  signals  have 
been  standardized  for  aircraft  use  by  joint  service  and  international 
agreement.  Stipulation  of  audio  signals  for  future  aircraft  design  should  be 
in  consonance  with  these  agreements  (see  MIL-STD-411) . 

5. 3. 2.2  Nature  of  signals.  Audio  warning  signals  should  normally  consist 
of  two  el ements :  an  alert jog  signal  and  an  identifying  or  action  signal. 

5. 3. 2. 2.1  Two  element  signals,  when  reaction  time  is  critical  and  a  two 
element  signal  is  necessary,  an  alerting  signal  of  0.5  second  duration  shall 
be  provided.  All  essential  information  shall  be  transmitted  in  the  first 
2.0  seconds  of  the  identifying  or  action  signals. 

5. 3. 2. 2. 2  Single  element  signal.  Ul;en  reaction  time  Is  critical,  signals 
shall  be  of  short  duration.  '  If  a  single  element  signal  Is  permissable,  all 
essential  information  shall  be  transmitted  in  the  first  0.5  second. 

5. 3. 2. 3  Caution  signals.  Caution  signals  shall  be  readily  distinguishable 
from  warning  signals  and  shall  be  used  to  indicate  conditions  requiring 
awareness,  but  not  necessarily  immediate  action. 

5. 3. 2. 4  Relation  to  visual  displays.  When  used  in  conjunction  with  visual 
displays,  au<(io  warning  devices  snail  be  supplementary  or  supportive.  The 
audio  signal  shall  be  used  to  alert  and  direct  operator  attention  to  the 
appropriate  visual  display. 

5*3,3  Characteristics  of  audio  warning  signals. 

5. 3. 3.1  Frequency. 

5. 3. 3.1. 1  Range.  The  frequency  range  shall  be  between  200  and  5,000  Hz 
and,  if  pos s i bVe, “between  500  and  3,000  Hz.  When  signals  must  travel  over 
300  m  (9B5  ft),  sounds  with  frequencies  below  1,000  Hz  should  be  used. 
Frequencies  below  500  Hz  should  be  used  when  signals  must  bend  around 
obstacles  or  pass  through  partitions.  The  selected  frequency  band  shall 
differ  from  the  most  intense  background  frequencies  and  shall  be  in  accordance 
with  other  criteria  in  this  section. 

5. 3. 3. 1.2  Spurious  signals.  The  frequency  of  a  warning  tone  shall  be 
different  from  that;  of  trie  electric  power  employed  in  the  system,  to  preclude 
the  possibility  that  a  minor  equipment  failure  may  generate  a  spurious  signal. 

5. 3. 3. 2  Intensity. 

5. 3. 3. 2, I  Compatibility  with  acoustical  environment.  The  intensity, 
duration  and  source  location  of  audio  alarms  and  signals  shall  be  compatible 
with  the  acoustical  environment  of  the  Intended  receiver  as  well  as  the 
requirements  of  other  personnel  in  the  signal  areas. 
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5. 3. 3. 2. 2  Compatibility  with  clothing  and  equipment.  As  applicable,  audio 
signals  shall  be  loud  enough  to  be  heara  and  understood  through  equipment  or 
garments  (e.g.,  parka  hood,  NBC  protective  hood,  hearing  protective  devices) 
covering  the  ears  of  the  listener. 

5.3. 3. 2. 3  Discomfort.  Audio  warning  signals  should  not  be  of  such  intensity 
as  to  cause  di scomfort  or  "ringing"  in  the  ears  as  an  after-effect. 

5.3.4  Signal  characteristics  in  relation  to  operational  conditions  and 
objectives. 


5. 3. 4.1  Audibility.  A  signal -to-noise  ratio  of  at  least  20  dB  shall  be 
provided  in  at  least  one  octave  band  between  200  and  5,000  Hz  at  the  operating 
position  of  the  intended  receiver. 

5. 3. 4. 2  Alerting  capability. 

5. 3. 4. 2.1  Attenti on .  Signals  with  high  alerting  capacity  should  be 
provided  when  the  system  or  equipment  imposes  a  requirement  on  the  operator 
for  concentration  of  attention.  Such  signals  shall  not,  however,  be  so 
startling  as  to  preclude  appropriate  responses  or  interfere  with  other 
functions  by  holding  attention  away  from  other  critical  signals. 

5. 3. 4. 2. 2  Onset  and  sound  pressure  level .  The  onset  of  critical  alerting 
signals  should  be  sudden,  and  a  Vie"! at ively' high  sound  pressure  level  should  be 
provided  as  specified  5. 3.4.1. 

5. 3.4. 2. 3  Dichotie  presentation.  When  earphones  will  be  worn  in  the 
operational  situation,  "a  dichotic  presentation  should  be  used  whenever 
feasible,  alternating  the  signal  from  one  ear  to  the  other  by  means  of  a 
dual -channel  headset. 

5. 3. 4. 2.4  Headset .  When  the  operator  is  wearing  earphones  covering  both 
ears  during  ndmaY  equipment  operation,  the  audio  warning  signal  shall  be 
directed  to  the  operator’s  headset  as  well  as  to  the  work  area.  Binaural 
headsets  should  not  be  used  in  any  operational  environment  below  85  dB(A)  when 
that  environment  may  contain  sounds  that  provide  the  operator  with  useful 
information  when  that  information  cannot  be  directed  to  the  operator’s 
headset.  Such  sounds  may  include  voices,  machine  noise  that  indicates  wear  or 
malfunction  and  other  auditory  indications  of  system  perforraance/raission 
status. 

5.3. 4. 3  Discrintinability. 

5. 3. 4. 3.1  Use  of  different  characteristics.  When  several  different  audio 
signals  are  to  Be  used  Yb  alert  an  operator  to  different  types  of  conditions, 
discriminable  difference  in  Intensity,  pitch,  or  use  of  beats  and  harmonics 
shall  be  provided,  tf  absolute  discrimination  is  required,  the  number  of 
signals  to  be  identified  shall  not  exceed  four. 
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5. 3. 4. 3. 2  Coding.  Where  discrimination  of  warning  signals  from  each  other 
will  be  critical  to  personnel  safety  or  system  performance,  audio  signals 
shall  be  appropriately  coded.  Alarms  that  are  perceptibly  different  shall 
correlate  with  different  conditions  requiring  critically  different  operator 
responses  (e.g.,  maintenance,  emergency  conditions,  and  health  hazards).  Such 
signals  shall  be  sufficiently  different  to  minimize  the  operator's  search  of 
visual  displays. 

5. 3. 4. 3. 3  Critical  signals.  The  first  0.5  second  of  an  audio  signal 
requiring  fast  reaction  shall  be  discriminable  from  the  first  0.5  second  of 
any  other  signal  that  may  occur.  Familiar  signals  with  established  nones  or 
associations  shall  be  selected.  Speech  should  be  used  whenever  feasible. 

5.3.4. 3.4  Action  segment.  The  identifying  or  action  segment  of  an  audio 
warning  signal  shall  specify  the  precise  emergency  or  condition  requiring 
action. 


5. 3. 4. 3. 5  Differentiation  from  routine  signals.  Audio  alarms  intended  to 
bring  the  operator's  attention  to  a  malfunction  or  failure  shall  be 
differentiated  from  routine  signals,  such  as  bells,  buzzers,  and  normal 
operation  noises. 

5. 3. 4. 3. 6  Prohibited  types  of  signals.  The  following  types  of  signals 
shall  not  be  used  as  warning "(levTces  where  possible  confusion  might  exist 
because  of  the  operational  environment; 

a.  Modulated  or  interrupted  tones  that  resemble  navigation  signals  or 
coded  radio  transmissions. 

b.  Steady  signals  that  resemble  hisses,  static,  or  sporadic  radio 
signals. 


c.  Trains  of  impulses  that  resemble  electrical  Interference  whether 
regularly  or  irregularly  spaced  in  time. 

d.  Simple  warbles  which  may  be  confused  with  the  type  made  by  two 
carriers  when  one  is  being  shifted  in  frequency  (beat-frequency-oscillator 
effect), 

e.  Scrambled  speech  effects  that  may  be  confused  with  cross  modulation 
signals  from  adjacent  channels. 

f.  Signals  that  resemble  random  noise,  pe»‘iodic  pulses,  steady  or 
frequency  modulated  simple  tones,  or  any  other  signals  generated  by  standard 
countermeasure  devices  (e.g.,  "bagpipes"). 

g.  Signals  similar  to  random  noise  generated  by  air  conditioning  or  any 
other  squipment. 

S.3.4.4  Compatibll ity. 
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5. 3. 4. 4.1  Existing  signals.  The  meaning  of  audio  warning  signals  selected 
for  a  system  should  be  consistent  with  warning  signal  meanings  already 
established  for  that  function. 

5. 3. 4. 4. 2  Acoustic  environment.  Established  signals  shall  be  used, 
provided  they  are  compatible  with  the  acoustic  environment  and  the 
requirements  specified  herein  for  the  voice  communication  system.  Standard 
signals  shall  not  be  used  to  convey  new  meanings. 

5. 3. 4. 5  Masking. 

5. 3. 4. 5.1  Other  critical  channels.  Audio  warning  signals  shall  not 
interfere  with  any  other  criticaT  functions  or  warning  signals,  or  mask  any. 
other  critical  audio  signals. 


5. 3, 4. 5. 2  Separate  channels.  Where  a  warning  signal  delivered  to  a  headset 
might  mask  another  essential  audio  signal,  separate  channels  may  be  provided 
to  direct  the  warning  signal  to  one  ear  and  the  other  essential  audio  signal 
to  the  other  ear.  In  such  a  situation  and  when  required  by  operating 
conditions,  this  dichotic  presentation  may  further  provide  for  alternation  of 
the  two  signals  from  ear  to  ear. 


5.3.5  Verbal  warning  signals. 

5, 3. 5.1  Nature  of  signals.  Verbal  warning  signals  shall  consist  of; 

a.  An  initial  alerting  signal  (nonspeech)  to  attract  attention  and  to 
designate  the  general  problem, 

b.  A  brief  standardization  speech  signal  (verbal  message)  which 
identifies  the  specific  condition  and  suggests  appropriate  action. 


5. 3. 5,2  Intensity.  Verbal  alarms  for  critical  functions  shall  be  at  least 
20  dB  above  the  speech  interference  level  at  the  operating  position  of  the 
intended  receiver. 


5. 3. 5. 3  Vocal  criteria. 

5. 3. 5. 3.1  Type  of  voice.  The  voice  used  in  recording  verbal  warning 
signals  shall  be  distinctive  and  mature. 


5. 3, 5. 3. 2  Delivery  style.  Verbal  warning  signals  shall  be  presented  in  a 
formal ,  impersonal  manner, 

5. 3. 5. 4  Speech  processing.  Verbal  warning  signals  shall  be  processed  only 
when  necessary  to  increase  or  preserve  intelligibility,  such  as  by  increasing 
the  strength  of  consonant  sounds  relative  to  vowel  strength.  Where  a  signal 
must  be  relatively  intense  because  of  high  ambient  noise,  peak-clipping  (sde 
3.24)  maybe  used  to  protect  the  listener  against  auditory  overload. 
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5. 3. 5. 5  Message  content*  In  selecting  words  to  be  used  in  audio  warning 
signals,  priority  shall  be  given  to  intelligibility,  aptness,  and  conciseness 
in  that  order. 

5. 3.5. 6  Message  categories. 

5. 3. 5. 6.1  Critical  warning  signals.  Critical  warning  signal  shall  be 
repeated  with  not  more  than  a  3- second  pause  between  messages  until  the 
condition  is  corrected  or  overridden  by  the  crew. 

5. 3. 5. 6. 2  Message  priorities.  A  message  priority  system  shall  be 
established  and  more  critical  messages  shall  override  the  presentation  of  any 
message  occuring  below  it  on  the  priority  list.  If  two  or  more  incidents  or 
malfunctions  occur  simultaneously,  the  message  having  the  higher  priority 
shall  be  given  first.  The  remaining  messages  shall  follow  in  order  of 
priority.  In  the  event  of  a  complete  subsystem  failure,  the  system  shall 
integrate  previous  messages  via  electronic  gating  and  report  the  system  rather 
than  the  component  failure, 

5.3.6  Controls  for  audio  warning  devices. 

5. 3.6.1  Automatic  or  manual  shut-off.  When  an  audio  signal  is  designed 
to  persist  as  long  as  it  contributes  useful  information,  a  shut-off  switch 
controllable  by  the  operator,  the  sensing  mechanism,  or  both,  shall  be 
provided,  depending  on  the  operational  situation  and  personnel  safety  factors, 

5. 3. 6. 2  Automatic  reset.  Whether  audio  warning  signal  are  designed  to  be 

terminated  au'toraaiicall'y',  by  manual  control,  or  both,  an  automatic  reset 

function  shall  be  provided.  The  automatic  reset  function  shall  be  controlled 

by  the  sensing  mechanism  which  shall  recycle  the  signal  system  to  a  specified 

condition  as  a  function  of  time  or  the  state  of  the  signalling  system  so  that 

the  warning  device  can  sound  again  If  the  condition  repeats. 

*■» 

5. 3. 6. 3  Redundant  Visual  Warning.  All  non-verbal  aural  annunciations  shall 
be  accompanied  by  a  v^iuaT  annunciation  which  defines  the  condition.  In  a 
cockpit,  this  may  be  an  illuminated  di  play.  In  the  case  of  a  warning  horn  on 
a  backing  vehicle,  the  vehicle's  backward  motion  Is  adequate  visual 
annunciation. 

5. 3.6.4  Volume  control. 

5. 3. 6. 4.1  Automatic  or  manual .  The  volume  (loudness)  of  an  audio  warning 
signal  shall  lie  designed  to  be  control  led  by  the  operator,  the  sensing 
mechanism,  or  both,  depending  on  the  operational  situation  and  personnel 
safety  factors.  Control  movements  shall  be  restricted  to  prevent  reducing  the 
volume  to  an  inaudible  level. 

5. 3. 6. 4. 2  Ganging  to  mode  switches.  Volume  controls  may  be  ganged  to  mode 
switches  to  provide  maximum  output  during  mission  phases  in  which  intense 
noise  may  occur  and  to  provide  reduced  volume  at  other  times.  Ganging  shall 
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not  be  accomplished  if  there  is  a  possibility  that  intense  noise  may  occur  in 
an  emergency  situation  during  a  mission  phase  in  which  the  volume  would  be 
decreased  below  an  audible  level. 

5, 3. 6. 4, 3  Caution  signal  controls.  Audio  caution  signals  shall  be  provided 
with  manual  reset  and  volume  controls. 

5. 3. 6. 5  Duration.  Audio  warning  signal  duration  shall  be  at  least 
0.5  second,  and  may  continue  until  the  appropriate  response  is  made. 

Completion  of  a  corrective  action  by  the  operator  or  by  other  means  shall 
automatically  terminate  the  signal. 

5. 3. 6. 6  Duration  limitations.  In  an  emergency  situation,  signals  that 
persist  or  increase  progressively  in  level  shall  not  be  used  if  manual 
shut-off  may  interfere  with  the  corrective  action  required. 

5.3.7  Speech  transmission  equipment. 

5. 3. 7.1  Frequency.  Microphones  and  associated  system-input  devices  shall 
be  designed  to  respond  optimally  to  that  part  of  the  speech  spectrum  most 
essential  to  intelligibility  (i.e.,  200  to  6,100  Hz).  Where  system 
engineering  necessitates  speech-transmission  bandwidths  narrower  than  200  to 
6,100  Hz,  the  minimum  acceptable  frequency  range  shall  be  250  to  4,000  Hz. 

5. 3.7. 2  Dynamic  range.  The  dynamic  range  of  a  microphone  used  with  a 
selected  amplifier  sHafl  be  great  enough  to  admit  variations  in  signal  input 
of  at  least  SO  dB. 

5. 3. 7. 3  Noi se  cancel  1  i np  mi crophones .  In  very  loud,  low  frequency  noise 
envi ronments  (!()()' 'db  overal T) , ' hbise  cancel  1  i ng  microphones  shall  be  used  and 
shall  be  capable  of  effecting  an  improvement  of  not  less  than  10  dB 
peak-speech  to  root -mean-square-noise  ratio  as  compared  with 
non-noise-cancelling  microphones  of  equivalent  transmission  characteristics. 

5. 3. 7. 4  Pre-emphasis.  If  necessary,  speech  system  input  devices  should 
employ  frequency  pre-emphasis  with  a  positive  slope  frequency  characteristic 
no  greater  than  18  dB  per  octave  from  140  to  1,500  to  and  no  greater  than  9  dB 
per  octave  over  the  frequency  range  1,500  to  4,800  Hz,  when  no  clipping  Is 
used . 


5. 3. 7. 5  Peak-clipping  of  speech  signals.  Vftiere  speech  signals  are  to  be 
transmitted  over  cnanneTs  showing  less  than  15  dB  peak  speech  to 

root -mean-square-noise  ratios,  peak  clipping  of  12  to  20  dB  may  be  employed  at 
system  input  and  may  be  preceded  by  frequency  pre-emphasis  as  specified  in 
6*3. 7.4. 

5. 3. 7. 6  Noise  shields*  When  the  talker  is  in  an  intense  noise  field,  the 
microphone  sHoiil'd  ¥e  put  in  a  noise  shield*  Noise  shields  should  be  designed 
to  meet  the  following  requirements: 
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a.  A  volume  of  at  least  250  cu  cm  (15.25  cu  1n)  to  permit  a  pressure 
gradient  microphone  to  function  normally. 

b.  A  good  seal  against  the  face  with  the  pressure  of  the  hand  or  the 
tension  of  straps. 

c.  A  hole  or  combination  of  holes  covering  a  total  area  of  65  sq  mm 
(0.1  sq  in)  in  the  shield  to  prevent  pressure  buildup. 

d.  Prevention  of  a  standing  wave  pattern  by  shape,  or  by  use  of  sound 
absorbing  material. 

e.  No  impediment  to  voice  effort,  mouth  or  jaw  movement  or  breathing. 

5.3.8  Speech  reception  equipment. 

5.3.8. 1  Frequency  range.  Headphones  and  loudspeakers  shall  be  subject  to 
the  same  frequency  response  restrictions  as  microphones  and  transmission 
equipment  except  that  loudspeakers  for  use  in  multi-speaker  installations  and 
multiple  channels  fed  Into  headphones  (e.g.,  where  several  speech  channels  are 
to  be  monitored  simultaneously)  shall  respond  uniformly  (±5  dB)  over  the 
range  100  to  4,800  Hz. 

5. 3 .8. 2  Loudspeakers  for  multi-channel  monitoring. 

5.3. 8. 2.1  Monitoring  of  speakers.  When  several  channels  are  to  be  monitored 
simultaneously  by  means  of  Voudspeakers,  the  speakers  shall  be  mounted  at 
least  175  mrad  (10®)  apart  in  the  horizontal  plane  frontal  quadrant,  ranging 
radially  from  ir/4  rad  (45®)  left  to  ir/4  rad  (45®)  right  of  the  operator's 
normal  forward  facing  position. 

5.3 .8.2.2  Filtering.  When  additional  channel  differentiation  is  required, 
apparent  1  a teral "sepa rat 1 on  shall  be  enhanced  by  applying  low-pass  filtering 
(frequency  cutoff,  F^  ■  1,000  Hz)  to  signals  fed  to  loudspeakers  on  one  side 
of  the  central  operator  position.  If  there  are  three  channels  involved,  one 
channel  shall  be  left  unfiltered,  a  high  pass  filter  with  1,000  Hz  cutoff 
shall  be  provided  in  the  second  channel,  and  a  low-pass  filter  with  2,500  Hz 
cutoff  shall  be  provided  in  the  third  channel,  A  visual  signal  shall  be 
provided  to  show  which  channel  is  in  use. 

5. 3.8. 3  Use  of  de-emphasis.  When  transmission  equipment  employs 
pre-emphasi s  and  peafe  cl i pp^ ng  is  not  used,  reception  equipment  shall  employ 
frequency  de-emphasis  of  characteristics  complementary  to  those  of 
pre-emphasis  only  if  it  improves  intelligibility,  1.e.,  de-emphasis  shall  be  a 
negative-slope  frequency  response  not  greater  than  9  dB  per  octave  over  the 
frequency  range  140  to  4,800  Hz. 

5.3.8.4  Headsets.  If  listeners  will  be  working  in  high  ambient  noise 

(85  dB(A)  or  above) ,  binaural  rather  than  monaural  headsets  shall  be  provided. 
Unless  operational  requirements  dictate  othrwise,  binaural  headsets  shall  be 
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wired  so  that  the  sound  reaches  the  two  ears  In  opposing  phases.  Their 
attenuation  qualities  should  be  capable  of  reducing  the  ambient  noise  level  to 
less  than  85  dB(A),  Provisions  should  be  Incorporated  to  furnish  the  same 
protection  to  those  who  wear  glasses. 

5.3.9  Operator  comfort  and  convenience. 

5. 3. 9.1  Comfort.  Communication  equipment  to  be  worn  by  an  operator  (e.g., 
headphones  and  tel ephone  headsets)  shall  be  designed  to  preclude  operator 
discomfort.  Metal  parts  of  the  headset  shall  not  come  In  contact  with  the 
user's  skin. 

5. 3. 9. 2  Hands«free  operation.  Operator  microphones,  headphones,  and 
telephone  headsets  shall  be  designed  to  permit  hands-free  operation  under 
normal  working  conditions. 

5. 3. 9. 3  Accessibility  of  handsets.  Where  communication  requirements 
necessitate  the  use  of  several  telephone  handsets,  the  accessibility  of  their 
standby  locations  shall  be  determined  by  operational  priority,  I.e.,  the  most 
frequently  or  urgently  needed  handset  shall  be  the  most  accessible. 
Color-coding  may  also  be  employed  where  operating  personnel  will  have  visual 
contact  with  headsets  under  the  working  conditions. 

5.3.10  Operating  controls  for  voice  communication  equipment. 

5.3.10.1  Volume  controls.  Accessible  volume  or  gain  controls  shall  be 
provided  for  each  communication  receiving  channel  (e.g.,  loudspeakers  or 
headphones)  with  sufficient  electrical  power  to  drive  sound  pressure  level  to 
at  least  100  dB  overall  when  using  two  earphones,  and  shall  have  pressure 
operated  gain  control  switches  to  compensate  for  altitude  In  unpressurized 
compartments.  The  minimum  setting  of  the  volume  control  shall  be  limited  to 
an  audible  level,  I.e,,  It  shall  not  be  possible  to  Inadvertently  disable  the 
system  with  the  volume  control.  While  separation  of  power  (on-off)  and  volume 
control  adjustment  functions  into  separate  controls  Is  preferred,  should 
conditions  Justify  their  combination,  a  noticeable  detent  position  shall  be 
provided  between  the  OFF  position  and  the  lower  end  of  the  continuous  range  of 
volume  adjustment.  When  combined  power  and  volume  controls  are  used,  the  OFF 
position  shall  be  labeled. 

5.3.10.2  Squelch  control.  Where  communication  channels  are  to  be 
continuously  monitored,  each  channel  shall  be  provided  with  a  signal - 
activated  switching  device  (squelch  control)  to  suppress  channel  noise  during 
no-signal  periods.  A  manually  operated,  on-off  switch,  to  deactivate  the 
squelch  when  receiving  weak  signals,  shall  be  provided. 

5.3.10.3  Foot-operated  controls.  When  normal  working  conditions  will 
permit  the  operator  to  remain  seated  at  the  working  position  and  access  to 

talk-listen"  or  "send-receive"  control  switches  are  required  for  normal 
operation  or  if  console  operation  requires  the  use  of  both  hands. 
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foot -ope rated  controls  shall  be  provided.  Hand-operated  controls  for  the  same 
functions  shall  be  provided  for  emergency  use  and  for  use  when  the  operator 
may  need  to  move  from  one  position  to  another. 

5.3.11  Speaker/ side  tone.  The  speaker's  verbal  input  shall  be  in  phase 
with  its  reproduction  as  heard  on  the  headset.  This  side  tone  should  not  be 
filtered  or  modified  before  it  is  received  in  the  headset. 

5.3.12  Speech  intelligibility. 

5.3.12.1  General .  When  Information  concerning  the  speech  intelligibility 
of  a  system  is  required,  three  recommended  methods  are  available,  with  the 
appropriate  selection  being  dependent  upon  the  requirements  of  the  test. 

a.  The  ANSI  standard  method  of  measurement  of  phonetically  balanced  (PB) 
monosyllabic  word  intelligibility,  S3. 2-1960,  should  be  used  when  a  high 
degree  of  test  sensitivity  and  accuracy  is  required. 

b.  The  modified  rhyme  test  (HRT)  (see  Human  Engineering  Guide  to 
Equipment  Design)  should  be  used  If  the  test  requirements  are  not  as  stringent 
or  if  time  and  training  do  not  permit  the  use  of  the  ANSI  method. 

c.  The  articulation  index  (AI)  calculations  should  be  used  for 
estimations,  comparison  and  predictions  of  system  intelligibility  based  upon 
ANSI  S3.5-196S. 

®*3«12.2  Criteria^  The  Intelligibility  criteria  shown  In  Table  VI  shall  be 
used  for  voice  communication.  The  efficiency  of  communications  needed  and  the 
type  material  to  be  transmitted  shall  determine  which  of  the  three 
communication  requirements  of  Table  VI  is  to  be  selected. 

TABLE  VI.  INTELLIGIBILITY  CRITERIA  FOR 
VOICE  COMMUNICATIONS  SYSTEMS 


COMMUNICATION 

SCORE 

REQUIREMENT 

PB 

MRT 

AI 

Exotptionally  high  Inttlllgiblllty; 
seperate  syllables  understood 

90% 

97% 

0.7 

Normally  acoaptablt  Intelligibility; 
about  9^  of  santanoet  correctly 
heard;  single  digits  understood 

75% 

91% 

0.5 

Minimally  acceptable  intalligibiiity; 
limited  ttandardiaad  phrases  under* 
stood;  about  90%  asntmcM  correctly 
heard  (not  acceptable  for  opera* 
tional  equipment} 

43% 

76% 

0.3 
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5.4  Controls, 


5.4.1  General  criteria. 


5. 4. 1.1  Selection. 

5. 4. 1.1.1  Distribution  of  work  load.  Controls  shall  be  selected  and 
distributed  so  that  none  ol'  t)ie  operator's  limbs  will  be  overburdened. 

5. 4. 1.1. 2  G»load1ng.  Where  applicable,  control  selection  shall  Include 
consideration  o^  operation  under  variable  g-loading  on  the  operator, 

5. 4. 1.1. 3  Multi  rotation  controls.  Multirotation  controls  shall  be  used 
when  precision  is  required  over  a  wide  range  of  adjustment, 

5. 4. 1.1. 4  Detent  controls.  Detent  controls  shall  be  selected  whenever  the 
operational  mode  requires  control  operation  In  discrete  steps. 

5. 4. 1.1. 5  Stops.  Stops  shall  be  provided  at  the  beginning  and  end  of  the 
range  of  control  positions  if  the  control  is  not  required  to  be  operated 
beyond  the  indicated  end  positions  or  specified  limits. 

5, 4. 1.2  Direction  of  movement. 

5. 4. 1.2.1  Consistency  of  movement.  Direction  of  control  movement  shall  be 
consistent  with  the  related  movement  of  an  associated  display,  equipment 
component,  or  vehicle.  In  general,  movement  of  a  control  forward,  clockwise 
to  the  right,  or  up,  or  pressing  a  control,  shall  turn  the  equipment  or 
component  on,  cause  the  quantity  to  Increase,  or  cause  the  equipment  or 
component  to  move  forward,  clockwise,  to  the  right,  or  up.  Valve  controls  are 
excepted  (see  5.4. 1.2. 4). 

5. 4. 1.2. 2  Multi dimensional  operation.  When  the  vehicle,  the  equipment,  or 
the  components  are  capable  of  motTon  'fn  more  than  two  dimensions,  exception  to 
5. 4. 1.2.1  shall  be  made  if  necessary  to  ensure  consistency  or  anticipated 
response  (e.g.,  forward  motion  of  a  directional  control  causes  some  vehicles 
to  dive  or  otherwise  descend  rather  than  to  simply  move  forward).  When 
several  controls  are  confined  In  one  control  device,  caution  shall  be 
exercised  to  avoid  conflicts  (e.g.,  control  motion  to  the  right  Is  compatible 
with  clockwise  roll,  right  turn,  and  direct  movement  to  the  right). 

5. 4. 1.2. 3  Operator-control  orientation.  Controls  shall  be  oriented  with 
respect  to  the  operatbr.^^^^  l^^  the  operator  may  use  two  or  more  vehicle 
operator  stations,  the  controls  shall  cause  movement  oriented  to  the  operator 
at  the  effecting  station,  unless  remote  visual  reference  Is  used, 

5. 4. 1.2. 4  Valve  controls.  Rotary  valve  controls  should  open  the  valve  with 
a  counterclockwise  motion.  Valve  controls  shall  be  provided  with  double-ended 
arrows  showing  the  direction  of  operations  and  labeled  at  each  end  to  Indicate 
the  functional  result  (e.g.,  open  and  close). 
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5. 4. 1.3  Arrangement  and  grouping. 

5. 4, 1*3.1  Grouping.  All  controls  which  function  in  sequential  operation 
necessary  to  a  particular  task,  or  which  operate  together,  shall  be  grouped 
together  along  with  their  associated  displays.  When  several  steps  of  a 
sequence  are  selected  by  one  control,  the  steps  shall  be  arranged  by  order  of 
occurrence  to  minimize  control  movements  and  prevent  cycling  through 
unnecessary  steps.  Cycling  through  the  control's  ON/OFF  position  shall  be 
avoided. 


5.4. 1.3. 2  Sequential  operation.  Where  sequential  operations  follow  a  fixed 
pattern,  controls  shall  be  arranged  to  facilitate  operation  (e.g.,  in  a 
pattern  left-to-r1ght  and  top-to-bottom,  as  a  printed  page), 

5. 4. 1.3. 3  Location  of  primary  controls.  The  most  important  and  frequently 
used  controls  shall  have  the  most  favorable  position  with  respect  to  ease  of 
reaching  and  grasping  (particularly  rotary  controls  and  those  requiring  fine 
settings). 


5. 4. 1.3. 4  Consistency.  The  arrangement  of  functionally  similar,  or 
identical,  primary  controls  shall  be  consistent  from  panel  to  panel  throughout 
the  system,  equipment,  or  vehicle,  e.g.,  a  movement  of  a  control  to  the  right 
or  left  should  result  in  a  corresponding  movement  of  a  displayed  element  to 
the  right  or  left. 

5. 4. 1.3. 5  Remote  controls.  Where  controls  are  operated  at  a  position 
remote  from  the  display,  equipment,  or  controlled  vehicle,  they  shall  be 
arranged  to  facilitate  dif'ection-of -movement  consistency, 

5. 4. 1.3. 6  Maintenance  and  adjustment.  In  general,  controls  used  solely  for 
maintenance  and  adjustment  shan  be  covered  during  normal  equiiwnent  operation, 
but  shall  be  readily  accessible  and  visible  to  the  maintenance  technician  when 
requi  red , 


5. 4, 1.3, 7  Spacing.  Minimum  spacing  between  controls  shall  comply  with 
Table  VII,  Spac trig  between  a  control  and  any  adjacent  obstruction  shall  be  as 
shown  by  the  figures  referenced  by  Table  VII.  Minimum  spacing  shown  shall  be 
increased  for  operation  with  gloves,  mittens,  or  NBC  protective  handwear,  when 
such  operation  is  a  system  requirement. 

5. 4. 1.4  Coding. 

5. 4. 1,4.1  Methods  and  requirements.  The  use  of  a  coding  mode  (e.g.,  size 
and  color)  for  a  particular  appi i cat i on  shall  be  governed  by  the  relative 
advantages  and  disadvantages  of  each  type  of  coding.  Where  coding  is  used  to 
differentiate  among  controls,  application  of  the  code  shall  be  uniform 
throughout  the  system.  (See  Table  VlII  for  advantages  and  disadvantages.) 
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5. 4. 1.4. 2  Location-coding.  Controls  associated  with  similar  functions 
should  be  In  the  same  relative  location  from  operator  work  station  to  work 
station  and  from  panel  to  panel. 

5. 4. 1.4. 3  Size-coding.  No  more  than  three  different  size  of  controls  shall 
be  used  in  coding  controls  for  discrimination  by  absolute  size.  Controls  used 
for  performing  the  same  function  on  different  Items  of  equipment  shall  be  the 
same  size.  When  knob  diameter  Is  used  as  the  coding  parameter,  differences 
between  diameters  shall  not  be  less  than  13  mm  (0.5“).  When  knob  thickness  is 
the  coding  parameter,  differences  between  thicknesses  shall  not  be  less  than 
10  mm  (0.4‘*). 

5. 4. 1.4. 4  Shape-coding.  Primary  use  of  shape  coding  for  controls  is  for 
identification  of  control  knobs  or  handles  by  “feel;"  however,  shapes  shall  be 
Identifiable  both  visually  and  tactually.  When  shape  coding  is  used; 

a.  The  coded  feature  shall  not  Interfere  with  ease  of  control 
manipulation. 

b.  Shapes  shall  be  Identifiable  by  the  hand  regardless  of  the  position 
and  orientation  of  the  control  knob  or  handle. 

c.  Shapes  shall  be  tactually  Identifable  when  gloves  are  worn,  where 
applicable. 

d.  A  sufficient  number  of  identifiable  shapes  shall  be  provided  to 
cover  the  expected  number  of  controls  that  require  tactual  Identification, 

e.  Shape  coded  knobs  and  handles  shall  be  positively  and  non-reversably 
attached  to  their  shafts  to  preclude  Incorrect  attachment  ^en  replacment  Is 
required. 

f.  Shapes  should  be  associated  with  or  resemble  control  function,  and 
not  alternate  functions. 

6. 4. 1.4. 5  Color-coding. 

5. 4. 1.4. 5,1  Choice  of  colors.  Controls  shall  be  black  (17038,  27038,  or 
37038)  or  gray  (^6231  or  36^31) .  If  color  coding  Is  required,  only  the 
following  colors  identified  in  FED-STO-595  shall  be  selected  for  control 
coding. 

a.  Red,  11105,  21105,  31105 

b.  Green,  14187 

c.  Orange- Yellow,  13538,  23538,  33538 

d.  White*  17875,  2787$,  37875 

e.  Blue,  15123  Shall  be  used  If  an  additional  color  Is  absolutely 
necessary. 
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5.4. 1.4. 5. 2  Inmedlate  action  controls.  Color  coding  of  iiwnediate  action 
controls  for  aircraft  shall  conform  to  HIL-M-18012. 

5.4. 1.4. 5. 3  Relation  to  display.  When  color-coding  must  be  used  t-  relate 
a  control  to  its  corresponding  display*  the  same  color  shall  be  used  for  both 
the  control  and  the  display. 

5. 4. 1.4. 5. 4  Control  panel  contrast.  The  color  of  the  control  shall  provide 
contrast  between  the  panel  background  and  the  control. 

5. 4. 1.4. 5. 5  Ambient  lighting  and  color-coding  exclusion.  Color  coding 
shall  be  compatible  with  anticipated  ambient  lighting  throughout  the  mission. 
Color-coding  shall  not  be  used  as  a  primary  identification  medium  if  the 
spectral  characteristics  of  ambient  light  during  the  mission,  or  the 
operator's  adaptation  to  that  light,  varies  as  the  result  of  such  factors  as 
solar  glare,  filtration  of  light,  and  variation  from  natural  to  artificial 
light.  If  red  lighting  is  to  be  used  during  a  portion  of  the  mission, 
controls  which  would  otherwise  be  coded  red  shall  be  coded  by  orange-yellow 
and  black  striping. 

5. 4. 1.5  Labeling  of  controls.  Control  labeling  shall  conform  to  the 
criteria  in  paragra^  fe.l. 

5. 4. 1.6  Compatibility  with  handwear.  Controls  shall  be  compatible  with 

handwear  to  be  utilf aed  Tn  t^fie  enviroiwnent.  Unless  otherwise 

specified,  all  difsensions  cited  herein  are  for  bare  hands  and  should  be 
revised  where  necessary  for  use  with  gloves  or  mittens. 

5. 4. 1.7  Blind  operation.  Where  “blind"  operation  is  necessary,  hand 
controls  shat  1  ¥e  shape-coded ,  or  separated  from  adjacent  controls  by  at  least 
125  ««  (5  in.). 

5.4. 1.8  Prevention  of  accidental  actuation, 

5. 4. 1.8. 1  Location  and  design.  Controls  shall  be  designed  and  located  so 
that  they  are  not  susceptible  to  being  moved  accidentally,  particularly 
critical  controls  whose  inadvertent  operation  might  cause  damage  to  equipment, 
injury  to  personnel  or  degredatlon  of  system  functions. 

5.4. 1.8.2  Internal  controls.  Internal  or  hidden  controls  should  be 
protected,  because  it  i s  usual  1 y  not  obvious  that  such  controls  have  been 
disturbed  and  it  may  be  difficult  and  time  consuming  to  locate  and  readjust 
them. 


5. 4. 1.8. 3  Rapid  operation.  Any  method  of  protecting  a  control  from 
Inadvertent  operation  shal i  not  preclude  operation  within  the  time  required. 

5. 4. 1.8. 4  Methods .  For  situations  in  which  controls  must  be  protected  from 
accidental  actuation,  one  or  more  of  the  following  methods,  as  applicable, 
shall  be  used: 
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a.  Locate  and  orient  the  controls  so  that  the  operator  Is  not  likely  to 
strike  or  move  them  accidentally  In  the  normal  sequence  of  control  movements. 

b.  Recess,  shield,  or  otherwise  surround  the  controls  by  physical 
barriers.  The  control  shall  be  entirely  contained  within  the  envelope 
described  by  the  recess  or  barrier, 

c.  Cover  or  guard  the  controls.  Safety  or  lock  wire  shall  not  be  used. 

d.  Provide  the  controls  with  interlocks  so  that  extra  movement  (e.g., 
a  side  movement  out  of  a  detent  position  or  a  pull-to-engage  clutch)  or  the 
prior  operation  of  a  related  or  locking  control  is  required. 

e.  Provide  the  controls  with  resistance  {i.e.,  viscous  or  coulomb 
friction,  spring-loading,  or  inertia)  so  that  definite  or  sustained  effort  is 
required  for  actuation. 

f.  Provide  the  controls  with  a  lock  to  prevent  the  control  from  passing 
through  a  position  without  delay  when  strict  sequential  activation  Is 
necessary  (i.e.,  the  control  moved  only  to  the  next  position,  then  delayed), 

g.  Design  the  controls  for  operation  by  rotary  action. 

5, 4, 1,8. 5  Dead  man  controls.  Dead  roan  controls,  which  will  result  in 
system  shut-down  to  a  non-critical  operating  state  when  force  is  removed, 
shall  be  utilized  wherever  operator  incapacity  can  produce  a  critical  system 
condition. 


5.4. 1.8,6  Foot -operated  controls. 

5. 4. 1.8. 6.1  Use.  Foot-operated  controls  may  be  used  under  the  following 
conditions; 

a.  Control  operation  requires  either  greater  force  than  the  upper  body 
can  provide  or  force  close  to  an  upper  body  fatigue  threshold. 

b.  The  operator's  hands  are  generally  occupied  by  other  manual  control 
tasks  at  the  same  moment  that  an  additional  control  action  is  required. 

c.  Specific  foot-operated  controls  have  been  so  well  established  that 
the  operator  expects  such  operating  functions  to  be  performed  using  foot 
controls  (e,g,,  aircraft  fudder/brake  pedals,  automotive  clutch,  brake  and 
accelerator  pedals). 

d.  A  safety  "shut-down"  control  is  required  during  an  operation  in 
which  the  operator's  hands  cannot  be  freed  to  reach  a  safety  switch. 

5. 4. 1.8. 6.2  Avoidance.  Foot  operated  controls  should  not  be  used 
the  following  condTtTons: 
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a.  Where  a  standing  operator  is  confronted  with  a  sensitive  balancing 
requirement  (e.g.,  a  moving  platform  where  balancing  on  the  non-operating  foot 
may  become  difficult  as  the  operating  foot  is  moved  from  a  support  to 
actuating  position). 

b.  Precise  control  operations  are  required. 

c.  Selection  from  among  a  great  many  separate  controls  is  required, 

5. 4. 1.8. 6. 3  Operation.  Foot  controls  shall  be  located  and  designed  so  they 
can  be  operated  in  as  natural  a  pattern  as  practicable.  Specifically,  the 
following  should  be  avoided: 

a.  Frequent,  maximum  reaching. 

b.  Requiranent  to  hold  the  leg  or  foot  in  awkward  position  for  extended 
periods  of  time. 

c.  Requirement  for  the  operator  to  operate  a  control  frequently  or  for 
an  extended  period  of  time  while  sitting  in  a  twisted  position,  i.e.,  pedals 
shall  be  laid  out  symmetrically  with  reference  to  the  operator's  principal 
operating  orientation. 

d.  Maximum  force  application  frequently  or  for  extended  duration, 

e.  Requirement  that  the  operator  search  for  a  particular  foot  control 
in  order  to  select  the  proper  one. 

f.  Placement  of  a  foot  control  where  it  might  be  stepped  on  and 
inadvertently  actuated,  or  where  typical  shifting  from  one  foot  control  to 
another  creates  conditions  where  the  foot  or  clothing  might  be  entrapped  by  an 
intervening  control  as  the  operator  shifts  the  foot  from  one  control  to 
another, 

5. 4. 1.8. 6. 4  Configuration  and  placement.  Configuration  and  placement  of 
foot  operated  controls  shall  accommodate  the  anthropometry  of  the  operator's 
foot  wearing  operational  shoes  or  boots.  They  shall  be  located  so  that  the 
actuation  of  a  control  by  one  foot  does  not  interfere  with  the  actuation  of 
a  control  by  another  foot,  and  so  that  the  movements  of  feet  and  legs  are 
natural  and  easily  accomplished  within  the  work  station  where  foot  controls 
are  located. 

5.4,2  Rotary  controls. 

5. 4. 2.1  Discrete  rotary  controls. 

5. 4. 2. 1.1  Rotary  selector  switches. 

5. 4. 2. 1.1.1  Use.  Rotary  selector  switches  should  be  used  for  discrete 
functions  when  three  or  more  detented  posUions  are  required.  Rotary  selector 
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switches  should  not  be  used  for  a  two-position  function  unless  prompt  visual 
identification  of  control  position  is  of  primary  Importance  and  speed  of 
control  operation  is  not  critical, 

5. 4. 2. 1.1. 2  Moving  pointer.  Rotary  selector  switches  should  be  designed 
with  a  moving  pointer  and  a  fixed  scale. 

5. 4. 2. 1.1. 3  Shape,  floving  pointer  knobs  shall  be  bar  shaped,  with  parallel 
sides,  and  the  index  end  shall  be  tapered  to  a  point.  Exceptions  may  be 
justified  when  pointer  knobs  are  shape-coded  or  when  space  is  restricted  and 
torque  is  light.  Shape-coding  shall  be  used  when  a  group  of  rotary  controls, 
used  for  different  functions,  is  placed  on  the  same  panel  and  control 
confusion  might  otherwise  result. 

5. 4. 2. 1.1. 4  Positions.  A  rotary  selector  switch  which  is  not  visible  to 
the,  operator  during  'normal  system  operation  shall  have  no  more  than  12 
positions.  A  rotary  switch  that  is  constantly  visible  to  the  operator  shall 
have  not  more  than  24  positions.  In  addition,  the  following  criteria  shall 
apply: 


a.  Rotary  switch  positions  shall  not  be  placed  opposite  each  other 
unless  knob  shape  precludes  confusion  as  to  which  end  of  the  knob  is  the 
pointer. 


b.  The  switch  resistance  shall  be  elastic,  building  up,  then 
decreasing  as  each  position  is  approached,  so  that  the  control  snaps  into 
position  without  stopping  between  adjacent  positions. 

5.4. 2. 1.1. 5  Contrast «  A  reference  line  shall  be  provided  on  rotary  switch 
controls.  This  line  shall  have  at  least  3.0  luminance  contrast  (see  3.17) 
with  the  control  color  under  all  lighting  conditions, 

5. 4. 2. 1.1. 6  Parallax.  The  knob  pointer  shall  be  mounted  sufficiently  close 
to  its  scale  to  min-lmize  parallax  between  the  pointer  and  the  scale  markings. 
When  viewed  from  the  normal  opertor's  position,  the  parallax  errors  shall  not 
exceed  25%  of  the  distance  between  scale  markings. 

5. 4. 2. 1.1. 7  Dimensions,  resistance,  displacement,  and  separation.  Control 

dimensions,  resistance,  disptacOTen^,  and  between  adjacent  edges  of 

areas  swept  by  rotary  selector  switches  should  conform  to  the  criteria  in 
Figure  4. 

5. 4. 2. 1.2  Key  operated  switches  (KOS). 

5. 4. 2. 1.2.1  Use.  KOS  are  used  to  prevent  unauthorized  operation. 
Ordinarily,  they  control  system  operation  by  go  no-go, 

5. 4. 2. 1.2. 2  Dimensions,  displacement,  and  resistance.  Dimensions, 
displacement,  and  resistance  shall  conform  to  the  criteria  in  Figure  6. 
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1  DIMENSIONS 

RESISTANCE 

1 

H 
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25  mm  (1  la) 

16  mm  (5/8  la) 

116  mN  •  m  (1  la-lb) 

Mealmum 
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25  mm  (1  la) 

75  mm  (3  ia) 
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700  mrad  (40<>) 


S26  mrad  (30°) 
1570  mrad  (90°) 


25  mm  (1  in.) 

50  mm  (2  In.) 


75  mm  (3  In.) 


125  mm  (5  In.) 


faailiaRdnE  ^arfomMNiaa. 

**Wkaii  ipaeM  anilwwrtm  moMlramawti  damamd  lirfa  Mparation  or  wthan  taelually 
(**taliMr*)  nnaltionad  con  troll  aro  raouirad. 


FIGURE  4.  ROTARY  SELECTOR  SWITCH 
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5. 4. 2. 1.2. 2  Ditnensions,  displacement,  and  resistance.  Dimensions, 
displacement,  and  resistance  snail  conform  to  the  criteria  in  Figure  5. 

5. 4. 2. 1.2. 3  Color,  shape  and  size  coding.  Color,  shape,  or  size  coding  or 
a  combination  may  be  used  as  l^o Hows: 

a.  Color  may  be  used  to  aid  in  identifying  various  keys  by  function  or 
use  location  and  when  illumination  is  adequate  to  differentiate  the  colors. 
Red  (#  11105  or  21105  of  FED-STD-595)  shall  be  reserved  for  emergency 
functions. 


b.  Shape  coding  may  be  used  when  it  is  desirable  to  identify  a  given 
key  by  feel.  When  shape  coding  is  used,  sharp  corners  shall  be  avoided. 

c.  Size  coding,  within  the  height  limits  of  Figure  5,  may  also  be  used 
if  no  more  than  two  sizes  are  employed. 

5. 4. 2. 1.2. 4  Marking  and  labeling.  Keylock  switch  applications  shall 
include  appropraite  positional  markings  and  labels  (see  5,5). 

5. 4. 2. 1.2. 5  Other  requirements. 

a.  Keys  with  teeth  on  both  edges,  which  fit  the  lock  with  either  side 
up  or  forward,  are  preferred. 

b.  Keys  with  a  single  row  of  teeth  should  be  inserted  into  the  lock 
with  the  teeth  pointing  up  or  forward. 

c.  Locks  should  be  oriented  so  the  key's  vertical  position  is  the  OFF 
position. 

d.  Operators  should  normally  not  be  able  to  remove  the  key  from  the 
lock  unless  the  switch  is  turned  OFF. 

e.  Actuation  of  an  item  by  a  key  operated  switch  should  be  accomplished 
by  turning  the  key  clockwise  from  the  vertical  OFF  position, 

5. 4, 2. 1.3  Discrete  thumbwheel  controls. 

5. 4. 2. 1.3.1  Application.  Thumbwheel  controls  may  be  used  if  the  function 
requires  a  compact  digital  control -input  device  (for  a  series  of  numbers)  and 
a  readout  of  these  manual  inputs  for  verification.  The  use  of  thumbwheels  for 
any  other  purposes  is  discouraged.  Detent  indexing  units  should  provide 
10  positions  (0  -  9)  in  digital  or  binary  (3  or  4  bits  and  complement) 
outputs. 


5. 4. 2. 1.3. 2  Shape.  Each  position  around  the  circumference  of  a  discrete 
thumbwheel  shall  have  a  concave  surface  or  shall  be  separated  by  a 
high-friction  area  which  is  raised  from  the  periphery  of  the  thumbwheel.  The 
thumbwheels  shall  not  preclude  viewing  the  digits  within  ir/6  rad  (30*)  viewing 
angle  to  the  left  and  right  of  a  perpendicular  to  the  thumbwheel  digits. 


77 


DISPLACEMENT 

(Al 

HEIGHT 

(H) 

RESISTANCE 

MINIMUM 

528  mi^  00^1 

13  mm 

115mN*m 

(1/2  in,) 

(1  in.~lb) 

MAXIMUM 

1670  mr«d  (90^1 

75  mm 

600  mN’m 

(3  In.) 

(6in.-ib) 

FIGURE  S.  KEY-OFERATEO  SWITCH 
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thumbwheels  shall  not  preclude  viewing  the  digits  within  ir/6  rad  (30*)  viewing 
angle  to  the  left  and  right  of  a  perpendicular  to  the  thumbwheel  digits. 

5. 4. 2. 1.3. 3  Coding.  Thumbwheel  controls  may  be  coded  by  location, 
labeling,  and  color  (e.g.,  reversing  the  colors  of  the  least  significant  digit 
wheel  as  on  typical  odometers).  Where  used  as  input  devices,  thumbwheel 
switch  OFF  or  NORMAL  positions  should  be  color  coded  to  permit  a  visual  check 
that  the  digits  have  been  reset  to  their  normal  position. 

5. 4. 2. 1.3. 4  Direction  of  movement.  Moving  the  thumbwheel  edge  forward,  or 
upward,  or  to  the  right  shall  increase  the  setting. 

5. 4. 2. 1.3. 5  Numeral s . 

5. 4 .2. 1.3. 5.1  Internal  illuminance.  For  areas  In  which  ambient 
illumination  will  provide  display  brightness  below  3.5  cd/m^  (I  ft-L),  the 
thumbwheel  shall  be  internally  illuminated.  Digits  shall  appear  as 
illuminated  characters  on  a  black  background,  and  their  dimensions  should 
approximate  the  following: 

a.  Height;  4.8  mm  (3/16") 

b.  Height-to-Width  Ratio:  3:2 

c.  Height-to- Stroke  Width  Ratio:  10:1 

5. 4. 2.1 .3.5.2  External  illuminance.  In  areas  where  ambient  illumination 
will  provide  a  display  luminance  above  3.5  cd/m^  (1  ft-L),  internal 
illumination  is  not  required.  Digits  should  be  bold,  black  numerals  engraved 
on  a  light  (or  white)  thumbwheel  background.  The  dimensions  should 
approximate  those  specified  in  5.4.2.1.3.5.1 ,  except  that  the  height-to-stroke 
width  ratio  should  be  approximately  5:1. 

5. 4. 2. 1.3.6  Visibility.  Thumbwheel  design  shall  permit  viewing  of  inline 
digital  read-out  i^rom  an  operator  positions. 

5. 4. 2. 1.3. 7  Dimensions.  Control  dimensions  shall  conform  to  the  criteria 
in  Figure  6. 

5. 4.2. 1.3.8  Resistance.  Detents  shall  be  provided  for  discrete  position 
thumbwheels.  Resistance  shall  be  elastic,  building  up  and  then  decreasing  as 
each  detent  is  approached  so  that  the  control  snaps  into  position  without 
stopping  between  adjacent  detents.  The  resistance  shall  be  within  the  limits 
Indicated  in  Figure  6. 

5. 4. 2. 1.3. 9  Separation.  The  separation  between  adjacent  edges  of 
thumbwheel  controls  shal)  conform  to  the  criteria  in  Figure  6  and  shall  be 
sufficient  to  preclude  accidental  activation  of  adjacent  controls  during 
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5. 4. 2. 2  Continuous  adjustment  rotary  control s» 

5. 4. 2. 2.1  Knobs. 


5. 4. 2. 2. 1.1  Use.  Knobs  should  be  used  when  low  forces  or  precise 
adjustments  of  a  continuous  variable  are  required.  Amoving  knob  with  fixed 
scale  Is  preferred  over  a  moving  scale  with  fixed  Index  for  most  tasks.  If 
positions  of  single  revolution  controls  must  be  distinguished,  a  pointer  or 
marker  should  be  available  on  the  knob, 

5. 4. 2. 2. 1.2  Dimensions,  torque  and  separation.  The  dimensions  of  knobs 
shall  be  within  the  limits  specified  in  rigure  '1 ,  Within  these  ranges,  knob 
size  is  relatively  unimportant,  provided  the  resistance  is  low  and  the  knob 
can  be  easily  grasped  and  manipulated.  When  panel  space  Is  extremely  limited, 
knobs  should  approximate  the  minimum  values  and  should  have  resistance  as  low 
as  possible  without  permitting  the  setting  to  be  changed  by  vibration  or 
merely  touching  the  control.  Resistance  and  separation  between  adjacent  edges 
of  knobs  shall  conform  to  Figure  7. 

5. 4. 2. 2. 1.3  Knob  style.  Unless  otherwise  specified  by  the  procuring 
activity,  control  knob  style  shall  conform  to  MIL-STD-1348. 

5, 4. 2. 2. 2  Ganged  control  knobs. 

5. 4. 2. 2. 2.1  Application.  Ganged  knob  assemblies  may  be  used  In  limited 
applications  when  paneTI  space  is  at  a  premium.  Two-knob  assemblies  are 
preferred.  Three-knob  configurations  should  be  avoided.  Ganged  knob 
configurations  should  not  be  used  under  the  following  conditions: 

a.  Extremely  accurate  or  rapid  operations  are  required. 

b.  Frequent  changes  are  necessary. 

c.  Heavy  gloves  must  be  worn  by  the  operator. 

d.  Equipment  is  exposed  to  the  weather  or  used  under  field  conditions. 

5. 4. 2. 2. 2.2  Dimensions  and  separation.  Dimensions  and  separation  should 
conform  to  Figure 

5. 4. 2. 2. 2. 3  ResUtance.  Resistance  shall  conform  to  requirements  in 
Figure  8.  Knobs  should  be  serrated.  Fine  serrations  should  be  used  on 
precise  adjustment  knobs;  coarse  serrations  should  be  used  on  gross 
adjustment  knobs. 

5. 4. 2. 2. 2. 4  Harking.  An  indexing  mark  or  pointer  shall  be  provided  on  each 
knob.  Marks  or  pointers  should  differ  sufficiently  to  make  it  apparent  which 
knob  Indexing  mark  Is  being  observed. 
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5. 4. 2. 2. 2. 5  Knob/di  splay  relationship.  When  each  knob  of  a  ganged  assembly 
must  be  related  to  an  array  of  visual  displays,  the  knob  closest  to  the  panel 
shall  relate  to  the  left-most  display  in  a  horizontal  array,  or  the  uppermost 
display  in  a  vertical  array  (see  Figure  8). 

5. 4. 2. 2. 2. 6  Inadvertent  operation.  When  it  is  critical  to  prevent 
inadvertent  activation  of  one  knob  as  the  other  is  being  adjusted,  a  secondary 
knob  control  movement  shall  be  required  (e.g.,  pressing  the  top  knob  before  it 
can  be  engaged  with  its  control  shaft).  Where  inadvertent  movement  is 
undesirable  but  not  necessarily  critical,  knob  diameter/depth  relationships 
should  be  optimized  as  shown  in  Figure  8.  Contrasting  colors  between  knobs 
may  also  be  used  to  improve  individual  knob  Identification. 

5. 4, 2. 2. 3  Continuous  adjustment  thumbwheel  controls. 

5. 4. 2. 2. 3.1  Use.  Continuously  adjustable  thumbwheel  controls  may  be  used 
as. an  alternative  to  rotary  knobs  when  the  application  will  benefit  from  the 
compactness  of  the  thumbwheel  device. 

5. 4. 2. 2. 3. 2  Orientation  and  movement.  Thianbwheels  shall  be  oriented  and 
move  in  the  d1  rect fons  spec! f'led  "in "Pigure  9.  If  a  thumbwheel  is  used  as  a 
continuous  control  which  affects  vehicle  motion,  movement  of  the  thumbwheel 
forward  or  up  shall  cause  the  vehicle  to  move  down  or  forward. 

5. 4. 2. 2. 3. 3  Turning  aids.  The  rim  of  the  thumbwheel  shall  be  serrated  or 
provided  with  a  high  friction  surface  to  aid  the  operator  in  manipulating  the 
control . 

5. 4. 2. 2. 3. 4  Dimensions,  separation  and  resistance.  Dimensions,  separation 
and  resistance  shall  conform  to  crlierfa  WTigure'"^. 

5. 4. 2. 2. 3. 5  labeling  and  visibility.  Marking  and  labeling  shall  conform  to 
requirements  herein,  with  respect  to  visibility  of  markings  and  legibility  of 
label  alphanumerics. 

5. 4. 2. 2. 3. 6  OFF  position.  A  detent  shall  be  provided  for  continuous 
thumbwheels  having  ah  position. 

5. 4. 2. 2. 4  Cranks. 


5. 4. 2. 2. 4,1  Use.  Cranks  should  be  used  for  tasks  requiring  many  rotations 
of  a  control,  particularly  where  high  rates  or  large  forces  are  involved.  For 
tasks  Involving  large  slewing  movements,  plus  small,  fine  adjustments,  a  crank 
handle  may  be  mounted  on  a  knob  or  handwheel,  the  crank  for  slewing  and  the 
knob  or  handwheel  for  fine  adjustments.  Where  cranks  are  used  for  tuning,  or 
other  processes  Involving  numerical  selection,  each  rotation  should  correspond 
to  a  multiple  of  1,  10,  100,  etc.  Simultaneously  operated  handcranks  should 
be  used  in  preference  to  other  two-axis  controllers  where  extreme  precision  is 
required  in  setting  crosshairs  or  reticles  as  in  map  readouts  or  optical 
sighting  mechanisms  (as  opposed  to  tracking).  This  type  of  control  may  also 
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be  used  in  other  applications  requiring  x-y  control  provided 
requirement  for  rapid  or  frequent  operation.  The  gear  ratio 
characteristics  of  such  cranks  shall  allow  precise  placement 
(e.g.,  crosshairs)  without  overshooting  or  undershooting  and 
corrective  movements. 


there  is  no 
and  dynamic 
of  the  follower 
successive 


5. 4. 2. 2. 4. 2  Grip  handle.  The  crank  grip  handle  shall  be  designed  so  that 
it  turns  freely 'around  Its  shaft. 

5. 4. 2. 2. 4. 3  Dimensions,  resistance  and  separation.  Dimensions,  resistance 
and  separation  between  adjacent  swept  circular  areas  of  cranks  shall  conform 
to  the  criteria  of  Figure  10. 

5. 4. 2. 2. 4. 4  Folding  handle.  If  a  crank  handle  could  become  a  hazard  to 
persons  passing  by,  or  it  is  critical  that  the  handle  not  be  inadvertently 
displaced  by  being  accidentally  bumped,  a  folding  handle  type  control  should 
be  used.  Such  a  control  shall  be  designed  so  that  the  handle  is  spring-loaded 
to  keep  it  extended  in  the  cranking  position  when  in  use  and  folded  when  not 
in  use. 


5. 4. 2. 2. 4. 5  Crank  balance.  In  applications  where  resistance  is  light,  the 
crank  shall  be  baTa'hced  to  prevent  the  handle  weight  from  turning  the  crank 
from  Its  last  setting. 

5. 4. 2. 2. 5  Handwheel s .  (Two-hand  operated) 

5. 4. 2. 2. 5.1  Use.  Handwheels,  designed  for  nominal  two-hand  operation, 
should  be  used  when  the  breakout  or  rotational  forces  are  too  high  to  be 
easily  overcome  with  a  one-handed  control,  provided  that  two  hands  are 
available  for  this  task.  Typical  applications  are  steering,  latch  securing, 
valve  opening/closing  and  direct-linkage  adjustment. 

5.4.2.2.5.2  Turning  aids.  Knurling,  indentation,  high-friction  covering, 
or  a  combi  nation  of  these  shal 1  be  built  into  the  handwheel  to  facilitate 
operator  grasp  for  applying  maximum  torque  and  to  reduce  the  possibility  of 
the  vrtieel’s  being  jerked  from  the  operator's  hands. 

5. 4. 2. 2. 5. 3  Spinner  handles.  For  applications  where  the  wheel  may  be 
rotated  rapidly  through  several  revolutions,  a  spinner  handle  may  be  added. 
Such  handles  shall  not  be  used,  however,  if  the  projecting  handle  is 
vulnerable  to  inadvertent  displacement  of  a  critical  wheel  setting  or  if  it 
creates  a  safety  hazard. 

5. 4. 2. 2. 5. 4  Direction  of  movement.  Except  for  valves  (see  5. 4. 1,2, 4), 
handwheels  shall  rotate  clockwise  for  ON  or  INCREASE  and  counterclockwise  for 
OFF  or  DECREASE.  The  direction  of  motion  shall  be  indicated  on  the  handwheel, 
or  immediately  adjacent  thereto,  by  means  of  arrow  and  appropriate  legends. 

5. 4. 2. 2. 5. 5  Dimensions,  resistance,  displacement  and  separation.  Control 
dimensions,  resTstli^nce,  displacement  and  separat^''on  betWen  edg^  adjacent 
handwheels  shall  conform  to  the  criteria  in  Table  IX, 
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5. 4. 2. 2. 5. 6  Steering  wheel  shape.  Except  for  established  uses  in 
submarines,  armored  combat  vehicles,  aircraft,  and  other  applications  where 
maximum  wheel  deflection  does  not  exceed  +2/3  irrad  {120*),  all  steering  wheels 
shall  be  round.  *” 


5. 4. 2. 2, 5. 7  Power  steering  failure.  Steering  systems  shall  be  designed 
with  sufficient  mechanical  advantage  to  meet  the  force  requirements  of  Table 
IX,  even  when  the  primary  operating  mode  is  powerassisted,  i.e.,  the  operator 
shall  be  able  to  steer  the  vehicle  to  a  safe  stop  in  the  event  of  a  power 
failure. 


5. 4. 2. 2. 5. 8  Steeri ng  ratio.  Steering  systems  should  be  designed  so  that 
the  maximum  turning  limits  of  the  vehicle  can  be  achieved  with  no  more  than 
turns  if  consistent  with  force  limits  of  Table  IX. 

5.4.3  Linear  controls. 

5. 4.3.1  Discrete  linear  controls. 


5. 4.3. 1.1  Push  buttons  (finger  or  hand  operated). 

5. 4.3. 1.1.1  Use.  Push  buttons  should  be  used  when  a  control  or  an  array  of 
controls  is  neede3^  for  momentary  contact  or  for  activating  a  locking  circuit, 
particularly  in  high-frequency-of-use  situations. 

5. 4. 3. 1.1. 2  Shape.  The  push  button  surface  should  normally  be  concave 
(indented)  to  fittKe  finger.  When  this  is  Impractical,  the  surface  shall 
provide  a  high  degree  of  frictional  resistance  to  prevent  slipping. 

5.4. 3. 1.1. 3  Positive  ii^ication.  A  positive  indication  of  control 
activation  shall  be  provided  {e«g.»  snap  feel,  audible  click,  or  integral 
light). 


5. 4 .3. 1.1. 4  Channel  or  cover  guard.  A  channel  or  cover  guard  shall  be 
prov'ded  when  it  is  ImperatVve  to  prevent  accidental  activation  of  the 
controls.  When  a  cover  guard  is  In  the  open  position,  it  shall  not  interfere 
with  operation  cf  the  protected  device  or  adjacent  controls. 

5.4. 3. 1.1. 5  Dimensions,  resistance.  d1  sol  accent,  and  separation.  Except 
for  use  of  push  buttons  in  feeyboards,  controY  dimensions,  resi stance, 
displacement,  and  separation  between  adjacent  edges  of  finger  or  hand-operated 
pushbuttons  shall  conform  to  the  criteria  in  Figure  11, 

5. 4.3. 1.1.6  Interlocks  or  barriers.  Mechanical  interlocks  or  barriers  may 
be  used  Instead  of  the  spacing  i^qu^ red  by  Figure  11. 

5.4.3. 1.2  Foot  operated  switches. 

5. 4. 3. 1.2.1  Use,  Foot-operated  switches  should  be  used  only  where  the 
operator  is  likiTy  to  have  both  hands  occupied  when  switch  activation  may  be 
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FIGURE  11.  PUSHBUTTONS  (FINGER  OR  HAND  OPERATED) 
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required,  or  when  load  sharing  among  limbs  is  desirable.  Because  foot- 
operated  switches  are  susceptible  to  accidental  activation,  their  uses  should 
be  limited  to  non-critical  or  infrequent  operations  such  as  press-to-tal k 
communication  or  vehicle  headlight  dimming. 

5. 4. 3. 1.2. 2  Operation.  Foot  switches  shall  be  positioned  for  operation  by 
the  toe  and  the  ball  of the  foot  rather  than  by  the  heel.  They  shall  not  be 
located  so  near  an  obstruction  that  the  operator  cannot  center  the  ball  of  the 
foot  on  the  switch  button.  A  pedal  may  be  used  over  the  button  to  aid  in 
location  and  operation  of  the  switch.  When  the  switch  may  become  wet  and 
slippery,  the  switchcap  surface  should  possess  a  frictional  surface  to 
minimize  the  possibility  of  the  foot  slipping  off  the  switch. 

5. 4. 3. 1.2. 3  Dimensions,  resistance  and  displacement.  Dimensions,  reistance 
and  displacement  or  foot-operated  switches  shall  conform  to  the  criteria  in 
Figure  12.  Although  not  recommended  (i.e.,  only  one  switch  per  foot  is 
preferred),  when  one  foot  is  required  to  operate  more  than  one  switch,  such 
switches  shall  be  at  least  75  mm  (3  in.)  apart  (horizontal);  200  mm  (8  in.) 
apart  (vertical). 

5. 4. 3. 1.2. 4  Feedback.  A  positive  indication  of  control  activation  shall 
be  provided  (e.g.,,  snap  feel,  audible  click,  association  visual  or  auditory 
display). 

5. 4. 3*1. 3 

5. 4. 3. 1.3.1  Use.  'Arrangements  of  push  buttons  In  the  form  of  keyboards 
should  be  used  wRen  alphabetic,  numeric  or  special  function  information  is 
to  be  entered  into  a  system. 

5. 4. 3. 1.3. 2  Layout  and  configuration.  The  key  configuration  and  the 
number  of  keys  are  dependent  upon  'the  predominant  type  of  information  to  be 
entered  into  the  system.  The  major  forms  that  keyboards  can  take,  which  aid 
in  the  entry  of  such  information,  are  given  below: 

a.  Numeric  keyboard.  The  configuration  of  a  keyboard  used  to  enter 
solely  numeric  information  should  be  a  3  x  3  +  1  matrix  with  the  zero  digit 
centered  on  the  bottom  row. 

b.  Alpha-numeric  keyboard.  Keyboard  configurations  for  entry  of 
alphabetic  and  some  numeric  information  shall  conform  to  MlL-STO-1280.  For 
some  applications  the  entry  of  data  varies  from  primarily  alphabetic  to 
primarily  numeric.  For  these  applications  two  alternatives  are  preferred: 
Provide  a  keyboard  of  the  type  shown  in  Figure  2  of  HIL-STO-1280  (where 
there  is  no  separation  between  alphabetic  and  numeric  characters)  or  provide 
a  separation  to  emphasize  the  two  separate  functions,  with  the  numeric 
keyboard  located  to  the  right  of  the  standard  keyboard, 

5. 4. 3. 1.3. 3  Dimensions,  resistance,  displacement,  and  separation.  The 
control  dimensions,  resistance,  displacement  antf  separation  between  adjacent 
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edges  of  the  pushbuttons  which  form  keyboards  shall  conform  to  the  criteria 
in  Table  X.  For  a  given  keyboard  these  criteria  shall  be  uniform  for  all 
individual  keys.  For  those  applications  where  operation  while  wearing 
(trigger  finger)  arctic  mittens  is  required,  the  minimum  key  size  shall  be 
19  mm  (0,75  in).  Other  parameters  are  unchanged  from  those  of  bare-handed 
operation  (see  Table  X). 

5. 4. 3. 1.3. 4  Slope.  The  slope  of  nonportable  keyboards  should  be 
260-435  mrad  (15-25”)  from  the  horizontal.  The  preferred  slope  is 
280-300  mrad  ( 17-18“).  The  slope  of  a  portable  device  can  be  varied 
according  to  the  preference  of  the  operator. 

5. 4. 3. 1.3. 5  Multiple  keyboards.  Systems  containing  more  than  one 
keyboard  shall  maintain  the  same  configuration  for  alphanumeric,  numeric  and 
special  function  keys  throughout  the  system. 

5. 4. 3. 1.3. 6  Feedback,  Feedback  shall  be  provided  to  inform  the  operator 
whether  the  key  was  pressed,  the  intended  key  was  pressed,  and  the  next 
operation  may  be  initiated,  where  applicable. 

5. 4. 3. 1.4  Toggle  switch  controls. 

5. 4. 3. 1.4.1  Use.  Toggle  switches  should  be  used  for  functions  which 
require  two  discrete  positions  or  where  space  limitations  are  severe.  Toggle 
switches  with  three  positions  shall  be  used  only  where  the  use  of  a  rotary 
control,  legend  switch  control,  etc,,  is  not  feasible  or  when  the  toggle 
switch  is  of  the  spring-loaded,  center  position-off  type.  Three  position 
toggle  switches  which  are  spring-loaded  to  center-off  from  only  one  other 
position  shall  not  be  used  if  release  from  the  spring-loaded  position  results 
ifl  switch  handle  travel  beyond  the  off  position.  (Toggle  switches  are 
considered  herein  to  be  discrete  position  controls.  Small  controls  that  are 
the  same  size  and  shape  as  toggle  switches  and  used  for  making  continuous 
adjustments  are  described  herein  as  levers.) 

5. 4. 3. 1.4. 2  Accidental  actuation.  When  the  prevention  of  accidental 
actuation  is  of  prTmairy  {mportance "( 1  .e, ,  critical,  dangerous,  or  hazardous 
conditions  would  result),  channel  guards,  1 ift-to-unlock  switches,  or  other 
equivalent  prevention  mechanisms  shall  be  provided.  Safety  or  lock  wire  shall 
not  be  used.  Resistance  of  1 ift-to-unlock  mechanisms  shall  not  exceed  13  N 

(3  1b).  If  a  cover  guard  is  used.  Its  location  when  open  shall  not  interfere 
with  the  operation  of  the  protected  device  or  adjacent  controls. 

5.4.3. 1.4*3  Dimensions,  resistance,  displacement,  and  separation. 
Dimensions,  resistance,  dispracwent,  and  separatt on  edges  of 

toggle  switches  shall  conform  to  the  criteria  in  Figure  13.  Resistance  should 
gradually  increase,  then  drop  when  the  switch  snaps  into  position.  The  switch 
shall  not  be  capable  of  being  stopped  between  positions. 

5.4.3. 1.4. 4  Positive  indication.  An  Indication  of  control  activation  shall 
be  provided  (e.g*.  snap  Yeel .audible  click,  associated  or  integral  light). 
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DIMENSIONS 

RESISTANCE  | 

L 

0 

Arm  Ltngth 

Control  Tip 

• 

«• 

Small 

Largt 

* 

Switch 

Switch 

Minifflum 

ISmm 

38  mm 

3  mm 

2.8  N 

2.BN 

(t/2  In.) 

(1<1/2  In.) 

<1/8  Inw) 

(tOoaJ 

(10  OA.) 

Mtximum 

80  mm 

SO  mm 

28  mm 

4JN 

11  N 

(2  In.) 

(2  In.) 

It  K) 

11801.) 

(40  Ot.) 

DISPLACEMENT  BETWEEN  POSITIONS 

SPotitkHi 

3  PoOtlOh 

lilnifflum 

829  miwt  130*1 

288  rnrad  119*) 

Mlgiitnnw 

1400  awHl 

<80*| 

l«0  Ninw  (40*) 

OctinHl 

438  mrad  (28*) 

SEPARATION 

S 

Shtfla  Pindar 

0|Miratb}ii 

Sinola  PtiNar 

SimultantOMi  Optration 

t 

SaqMtmial  Ooamlon 

by  Oiffaaant  Pinytri 

Minliittiiii 

18  mm 

38  mm 

13  mm 

18  mm 

t3M  In.) 

11  InJ 

<1/3  In.) 

(8/8  IhJ 

Obtkattfn 

Mmm 

80  mm 

39  mm 

It  mm 

(2  In.) 

(3lnJ 

<1  InJ 

(3/4  In.) 

*Um  by  baM  finyir  «illh  hawy  handianr  tUtini  a  la«ar  lock  toisit  twitch 


FIGURE  13.  TOGGLE  SWITCHES 
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5. 4. 3. 1.4. 5  Orientation.  Toggle  switches  should  be  vertically  oriented 
with  OFF  in  the  down  position.  Horizontal  orientation  and  actuation  of  toggle 
switches  shall  be  employed  only  for  compatibility  with  the  controlled  function 
or  equipment  location. 

5. 4. 3. 1.5  Legend  switches. 

5. 4. 3. 1.5.1  Dimensions,  resistance,  displacement,  and  separation. 
Dimensions,  resUtance,  displacement,  and  separation  between  adjacent  edges  of 
legend  switches  shall  conform  to  the  criteria  in  Figure  14,  except  that 
maximum  switch  separation  does  not  apply  to  non-matrix  applications. 

5. 4. 3. 1.5. 2  Barrier  height.  Barrier  height  from  panel  surface  shall 
conform  to  the  criteria  -in  F’lgure  14.  Unless  otherwise  specified,  barriers 
are  required  on  critical  switches  and  on  switches  likely  to  be  inadvertently 
activated.  Barriers,  when  used,  shall  not  obscure  visual  access  to  controls, 
labels  or  displays,  and  shall  have  rounded  edges. 

5. 4. 3. 1.5. 3  Other  requirements. 

a.  For  positive  indication  of  switch  actuation,  the  legend  switch  shall 
be  provided  with  a  detent  or  click.  When  touch  sensitive  switches  are  used,  a 
positive  indication  of  actuation  shall  be  provided,  e.g.,  an  integral  light 
within  or  above  the  switch  being  actuated. 

b.  The  legend  shall  be  legible  with  or  without  Internal  illumination. 

c.  A  lamp  test  or  dual  lamp/fi lament  reliability  shall  be  provided  for 
switches  if  the  mean  time  between  failure  (MTBF)  Is  less  than  100,000  hrs. 

d*  Lamps  within  the  legend  switch  shall  be  replaceable  frcm  the  front  of 
the  panel  by  hand  and  the  legends  or  covers  shall  be  keyed  to  prevent  the 
possibility  of  interchanging  the  legend  covers. 

e.  There  shall  be  a  maximum  of  three  lines  of  lettering  on  the  legend 
plate. 


5. 4. 3. 1.6  Rocker  switches. 


5. 4. 3. 1.6.1  Use.  Rocker  switches  may  be  used  in  lieu  of  toggle  switches 
for  functions  wf»Tch  require  two  discrete  positions.  They  may  be  used  for 
applications  where  toggle  switch  handle  protrusions  might  snag  the  operator's 
sleeve  or  phone  cord,  or  where  there  is  insufficient  panel  space  for  separate 
labeling  of  switch  positions.  Rocker  switches  with  three  positions  shall  be 
used  only  where  the  use  of  a  rotary  control,  legend  switch  control,  etc.,  is 
not  feasible  or  when  the  rocker  switch  is  of  the  spring-loaded  center-off 
type. 

5. 4. 3. 1.6. 2  Accidental  actuation.  When  the  prevention  of  accidental 
actuation  is  of  ^'imary  importance  ( 1  .e, ,  critical,  dangerous  or  hazardous 


97 


*i‘*a 

su* 

A 

DI$FLAC£M£Nr 

tAAniCRS 

RSSISrANCC 

IQH 

9d 

Mmmwmi 

■■III 

■lllllll 

n 

m 

ZM  W* 

(10  m4 

rnaimm 

tfwm 

lAI  N 

1  (MflMii 

n/4ttu 

(ifi  i<kt 

(mKU 

(00  m.) 

*  IfMM  tM  t«*.l  wKM*  MMk  ti  MlM»  t0» 

*  mm  minim. 

tXmiJ  tor  >it»  In  w*— >«n  MOTC:  atas  fatw*  w  MaiitK 


PIQUne  14.  LEGEND  SWITCH 


98 


MIL-STD-U720 


conditions  would  result),  channel  guards  or  equivalent  protective  measures 
shall  be  provided. 

5. 4. 3. 1.6. 3  Positive  indication.  An  indication  of  control  actuaflon  shall 
be  provided  (e.g,,  snap  ^eel ,  audible  click,  associated  or  integral  light). 

5. 4. 3. 1.6.4  Dimensions,  resistance,  displacement  and  separation. 

Dimensions,  resistance,  displacement  and  separation  between  centers  of  rocker 
switches  shall  conform  to  the  criteria  in  Figure  15.  Resistance  should 
gradually  increase,  then  drop  when  the  switch  snaps  into  position.  The  switch 
shall  not  be  capable  of  being  stopped  between  positions. 

5. 4. 3. 1.6. 6  Orientation.  Where  practicable,  rocker  switches  shall  be 
vertically  oriented.  Actuation  of  the  upper  wing  shall  turn  the  equipment  or 
component  on,  cause  the  quantity  to  increase,  or  cause  the  equipment  of 
component  to  move  forward,  clockwise,  to  the  right  or  up.  Horl2ontal 
orientation  of  rocker  switches  shall  be  employed  only  for  compatibility  with 
the  controlled  function  or  equipment  location. 

5. 4. 3. 1.6. 7  Color  and  Illumination.  Alternate  colors  may  be  used  to  denote 
the  ON  and  OFF  pbrCTons "of  a  rocker  tch ,  Alternate  illumination  of  either 
the  ON  or  OFF  switch  position  may  be  used  to  facilitate  positive  recognition 
of  current  switch  position.  For  other  color  coding  considerations,  see 
5.2.2.1.18.  For  areas  where  ambient  illumination  will  provide  display 
luminance  below  3.5  cd/m^  {1  Ft-L),  the  rocker  switch  should  be  internally 
illuminated.  Digits  and  letters  shall  appear  as  Illuminated  characters  on  an 
opaque  background  and  their  dimensions  should  approximate  the  following: 

a.  Height;  4,8  mm  (3/16") 

b.  Height«*to-Midth  Ratio;  3:2 

c.  Height-to*Stroke-W1dth  Ratio;  10;l 

5. 4. 3. 1.7  Slide  switch  controls. 

5. 4. 3. 1.7.1  Use.  Slide  switch  controls  may  be  used  for  functions  which 
require  two  discrete  positions.  Slide  switch  controls  may  also  be  used  for 
functions  which  require  a  higher  number  of  discrete  positions  in  which  the 
switches  are  arranged  in  a  matrix  to  permit  easy  recognition  of  rel  ttive 
switch  settings  (e.g.,  audio  settings  across  frequencies),  but  shall  not  be 
used  t«here  mispositioning  is  to  be  avoided. 

5. 4. 3. 1.7. 2  Accidental  actuation.  When  the  prevention  of  accidental 
actuation  is  of  primary  importance  (i.e.,  critical,  dangerous,  or  hazardous 
conditions  would  result),  channel  guards  or  other  equivalent  means  shall  be 
provided. 


5. 4*3. 1.7*3  Dimensions,  resistance,  and  separation.  Dimensions,  resistance 
and  separation  of^  slide  switch  bandies  shall  conform  to  criteria  In  Figure  16. 
Detents  shall  be  provided  for  each  control  setting.  Resistance  should 
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STANDARD  ROCKER  SWITCH: 
USE  AS  ALTERNATE  TWO-POSN 
TOGGLE  SWITCH  TO  PROVIDE 
LABELING  SURFACE,  EASE  OF 
COLOR  COOING,  SWITCH 
ILLUMINATION. 


NARROW  WIDTH,  ESPECIALLY 
DESIRABLE  FOR  TACTILE 
DEFINITION  WITH  GLOVES. 


ALTERNATE  (CONTRAST)  COLOR 
FOR  ON  VERSUS  OFF  TO  PROVIDE 
CONSPICUOUS  CUE  OF  SWITCH 
POSITION.  ILLUMINATED  "ON" 
DESIRABLE  AS  SECOND  FEEDBACK 
CUE. 


DIMENSIONS 

RESISTANCE 

W,  WIDTH 

L,  LENGTH 

MINIMUM 

6  imt  (1/4") 

13  m  0/2") 

2.8  N  (10  02.) 

MAXIMUM 

11  N  (40  02.) 

DISPLACEMENT 

SEPARATION 
( Center- to-Center) 

H,  HT,  DEPRESSED 

A,  ANGLE 

S  (Bare  Hand) 

S  (Gloved  Hand) 

MINIMUM 

3  m  (1/8-) 

530  mrad  (30®) 

19  m  (3/4") 

32  flw  (1-1/4") 

FIGURE  IS.  ROCKER  SWITCHES 
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Detents  shall  be  provided  for  each  control  setting.  Resistance  should 
gradually  increase,  then  drop  when  the  switch  snaps  into  position.  The  switch 
shall  not  be  capable  of  stopping  between  positions. 

5. 4. 3. 1.7. 4  Orientation.  Where  practicable,  slide  switches  shall  be 
vertically  oriented  with  movement  of  the  slide  up  or  away  from  the  operator 
turning  the  equipment  or  component  on,  causing  a  quantity  to  increase,  or 
causing  the  equipment  or  component  to  move  forward,  clockwise,  to  the  right  or 
up.  Horizontal  orientation  or  actuation  slide  switches  shall  be  employed  only 
for  compatibility  with  the  controlled  function  or  equipment  location. 

5. 4. 3. 1.7. 5  Positive  indication.  Slide  switch  controls  involving  more  than 
two  positions  sh^all  be  designed  to  provide  positive  indication  of  control 
setting,  preferably  a  pointer  located  on  the  left  side  of  the  slide  handle. 

5. 4. 3. 1.8  Discrete  push-pull  controls. 

5. 4. 3, 1.8.1  Appl 1  cations.  Push-Pull  controls  may  be  used  when  two  discrete 
functions  are  to  be  selected.  However  such  applications  should  be  used 
sparingly  and  for  applications  in  v^ich  such  configurations  are  typically 
expected  (e.g.,  vehicle  headlight  switch,  choke,  etc.).  They  may  also  be  used 
in  certain  cases  where  limited  panel  space  suggests  a  miniaturized  knob  that 
may  be  used  to  serve  two  related,  but  distinct  functions  (e.g.,  an 
ON-OFF/Volume  switch  for  a  T.V.  monitor.)  A  three-position  push-pull  control 
is  acceptable  in  isolated  instances  where  the  criticality  of  inadvertent 
selection  of  the  wrong  position  has  no  serious  consequences  (e.g.,  the  typical 
vehicle  headlight  switch  configuration  that  provides  three  "pull" 
positions— OFF/Park/Headlight-plus  a  rotary  panel  light  and  dome  light 
switch). 


5. 4. 3. 1.8. 2  Handle  dimensions,  displacement  and  clearances.  Push-Pull 
control  handles  shall  conform  to  criteria  in  Table  XI. 

5. 4. 3. 1.8. 3  Rotation.  Except  for  combination  push-pull /rotate  switch 
configurations,  push-pull  control  handles  shall  be  keyed  to  a  non-rotating 
shaft,  unless  the  control  is  to  be  used  for  a  special  application  (e.g.,  the 
handle  is  rotated  to  disengage  the  brake  setting).  When  the  control  system 
provides  a  combination  push-f,un /rotate  functional  operation,  using  a  round 
style  knob,  the  rim  of  the  knob  shall  be  serrated  to  denote  (visually  and 
tactually)  that  the  knob  can  be  rotated,  and  to  facilitate  a  slip-free  finger 
grip. 


5. 4. 3. 1.8. 4  Detents,  fiechanical  detents  shall  be  incorporated  Into 
push-pull  controls  to provide  tactile  indication  of  positions. 

5. 4. 3. 1.8. 5  Snagging  and  inadvertent  contact.  Use,  location  and  operating 
axis  of  push-puTl  type  controls  shaTl precl ude  the  possibility  of  the 
operator's: 
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DIMENSIONS 

RESISTANCE 

N 

ACTUATOR 

* 

HEIGHT 

it* 

W 

ACTUATOR  WIDTH 

SMALL 

SWITCH 

LARGE 

SWITCH 

MINIMUM 

MAXIMUM 

6  m  (1/4“) 

•  A 

13  am  (1/2-) 

mm 

6  am  (1/8") 

Zi  am  (1**) 

2.8N(10o&) 

4.5N  (ISOX.) 

Z.8N(10ol} 

11  N  (40  oz.) 

SEPARATION,  S 

SINGLE  FINGER 
OPERATION 

SINae  FINGER 
SEQUENTIAL  OPERATION 

SIMULTANEOUS  OPERATION 
BY  DIFFERENT  FINGERS 

MINIMUM 

19  MB  (3/4'*) 

13  am  (l/2“) 

16  am  (5/8“} 

OPTIMUM 

SO  MB  (Z**) 

2S  am  (!"} 

19  aw  (3/4“) 

•Use  by  bare  finger. 

••Use  with  beivy  hendweer. 


FIGURE  16.  SUOE  SWITCHES 
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a.  Bumping  a  control  while  getting  into  or  out  of  position  (as  in  a 
vehicle). 


b.  Snagging  clothing,  communication  cables,  or  other  equipment  items  on 
the  control. 

c.  Inadvertently  deactuating  the  control  setting  while  reaching  for 
another  control. 


5. 4. 3. 1.8. 6  Direction  of  control  motion.  Control  direction  shall  be  as 
follows: 

a.  Pull  towards  the  operator  for  ON  or  actuation;  push  away  for  OFF  or 
deactuation. 

b.  Clockwise  for  actuation  or  increasing  function  of  combination 

pull /rotary  switches.  ^ 

5. 4. 3. 1.8. 7  Resistance.  Force  for  pulling  a  panel  control  with  fingers 
should  be  not  more  than  18  N  (4  lb),  for  pulling  a  T-bar  with  four  fingers 
should  be  not  more  than  45  N  (10  IbK 

5. 4. 3. 1.9  Printed  circuit  (PC)  switch  controls. 

5. 4. 3. 1.9.1  Use.  PC  switches  may  be  used  when  manual  programming  functions 
are  required  in  systems  employing  printed  circuit  boards. 

5. 4. 3. 1.9.2  Dimensions,  resistance,  displacement  and  separation. 

Dimensions,  resistance,  displacement  and  separat'lon  between  adjacent  PC  switch 
actuators  shall  conform  to  the  following: 

a.  Dimensions  of  actuators  shall  be  sufficiently  high  to  permit  error- 
free  manipulation  by  the  operator  when  using  some  commonly  available  stylus 
(e.g,,  pencil  or  pen).  The  design  of  the  actuators  shall  not  require  the  use 
of  a  special  tool  for  manipulation. 

b.  Actuator  resistance  shall  be  sufficiently  high  to  avoid  inadvertent 
actuation  under  expected  use  conditions.  Resistance  should  gradually 
increase,  then  drop  when  the  actuator  snaps  into  position.  The  actuator  shall 
not  be  capable  of  stopping  between  positions. 

c.  When  actuators  are  slide-type,  they  shall  have  sufficient  travel 
(displacement)  to  permit  easy  recognition  of  switch  setting.  At  a  minimum, 
the  travel  should  be  twice  the  length  of  the  actuator.  When  actuators  are 
rocker-type,  the  actuated  wing  shall  be  flush  with  the  surface  of  the  module. 

d.  Actuators  shall  have  sufficient  separation  to  permit  error-free 
manipulation  by  the  operator  (i.e.,  the  stylus  cannot  inadvertently  contact 
adjacent  actuators). 
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5, 4. 3. 1.9. 3  Shape.  The  surface  of  the  actuator  shall  be  Indented  to  accept 
the  point  of  the  stylus.  The  indentation  shall  be  sufficiently  deep  to  avoid 
slippage  of  the  stylus  during  manipulation. 

5. 4. 3. 2  Continuous  adjustment  linear  controls. 

5. 4. 3. 2.1  Levers. 

5. 4. 3. 2. 1.1  Use.  Levers  may  be  used  when  large  amounts  of  force  or 
displacement  are  involved  or  when  multidimensional  movements  of  controls  are 
requi red . 


5. 4. 3. 2. 1.2  Coding.  When  several  levers  are  grouped  in  proximity  to  each 
other,  the  lever  handles  shall  be  coded. 

5. 4. 3. 2. 1.3  Labeling.  When  practicable,  all  levers  shall  be  labeled  as  to 
function  and  direction  of  motion. 

5. 4. 3. 2. 1.4  Limb  support.  When  levers  are  used  to  make  fine  or  continuous 
adjustments,  support  snail  be  provided  for  the  appropriate  limb  segment  as 
follows: 


a.  For  large  hand  movements:  elbow 

b.  For  small  hand  movements:  forearm 

c.  For  finger  movements:  wrist. 

5. 4. 3. 2. 1.5  Dimensions.  The  length  of  levers  shall  be  determined  by  the 
mechanical  advantage  needed.  When  the  lever  or  grip  handle  is  spherical,  its 
diameter  shall  conform  to  the  criteria  in  Figure  17. 

5. 4. 3. 2. 1.6  Resistance.  The  resistance  incorporated  in  levers  shall  be 
within  the  limits  indicated  in  Figure  17,  measured  as  linear  force  applied  to 
a  point  on  the  handle,  (NOTE:  The  right  hand  can  supply  slightly  more  force 
than  the  left,  but  the  difference  is  not  significant.  The  same  amount  of 
push-pull  force  can  be  applied  when  the  control  is  along  the  median  plane  of 
the  body  as  when  it  is  directly  in  front  of  the  arm,  180  mm  (7  in)  from  the 
median  plane.  When  the  control  is  placed  in  front  of  the  opposite  (unused) 
arm  only  75  percent  as  much  force  can  be  applied.  When  the  control  is  250  to 
480  mm  (10  to  19  in)  forward  of  the  neutral  seat  reference  point,  twice  as 
much  push-pull  force  can  be  applied  with  two  hands  as  with  one-hand  operation. 
Outside  this  range  two-hand  operation  becomes  less  effective.) 

5. 4. 3. 2. 1.7  Displacement  and  separation.  Control  displacement  (for  the 
seated  operator)  and  separaiion  shall  conform  to  the  criteria  in  Figure  17, 

5. 4. 3. 2. 2  Displacement  joysticks.  (Also  known  as  Isotonic  joysticks.) 
Displacement  joysticks  usuaTly  have  a  spring  resistance  to  movement  away  from 
the  center  (null)  position,  although  some  have  no  spring.  Joystick  controls 
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may  be  used  when  the  task  requires  precise  or  continuous  control  in  two  or 
more  related  dimensions.  (The  term  "joystick”  is  used  here  to  refer  primarily 
to  controls  used  for  cursor  placement  or  precise  adjustment.)  When 
positioning  accuracy  is  more  critical  than  positioning  speed,  displacement 
joysticks  should  be  selected  over  isometric  joysticks.  Displacement  joysticks 
may  also  be  used  for  various  display  functions  such  as  data  pickoff  from  a  CRT 
and  generation  of  free-drawn  graphics.  In  rate  control  applications,  which 
allow  the  follower  (cursor  or  tracking  symbol)  to  transit  beyond  the  edge  of 
the  display,  indicators  shall  be  provided  to  aid  the  operator  in  bringing  the 
follower  back  onto  the  display.  Displacement  joysticks  which  are  used  for 
rate  control  should  be  spring-loaded  for  return  to  center  when  the  hand  is 
removed.  Displacement  joysticks  which  have  a  deadband  near  the  center  or 
hysteresis  shall  not  be  used  with  automatic  sequencing  of  a  CRT  follower 
(cursor  or  tracking  symbol)  unless  they  are  instrumented  for  null  return  or 
zero-set  to  the  Instantaneous  position  of  the  stick  at  the  time  of  sequencing. 
Upon  termination  of  the  automatic  sequencing  routine,  joystick  center  shall 
again  be  registered  to  scope  center.  Displacement  joysticks  usually  require 
less  force  than  isometric  joysticks  and  are  less  fatiguing  for  long  operating 
periods. 


5. 4. 3. 2. 2.1  Hand  operated  displacement  joysticks 

5. 4. 3. 2. 2. 1.1  Specific  Use.  In  addition  to  the  general  use,  hand  operated 
displacement  joysticks  may  be  used  as  vehicle  controllers  and  aiming  sensors. 
Hand  operated  displacement  joysticks  may  be  used  as  mounting  platforms  for 
secondary  controls,  such  as  thumb  and  finger  operated  switches.  Operation  of 
secondary  controls  has  less  induced  error  on  the  displacement  hand  grip  than 
does  Isometric  handgrips. 

5. 4. 3. 2. 2. 1.2  Dynamic  characteristics.  Kovement  shall  not  exceed 
45  degrees  from  the  center  position.  Rovement  shall  be  smooth  in  all 
directions,  and  positioning  of  a  follower  shall  be  attainable  without 
noticeable  backlash,  cross-coupling  or  need  for  multiple  corrective  movements. 
Control  ratios,  friction  and  Inertia  shall  meet  the  dual  requirements  of  rapid 
gross  positioning  and  precise  fine  positioning.  When  used  for  generation  of 
free-drawn  graphics,  the  refresher  rate  for  the  follower  on  the  CRT  shall  be 
sufficiently  high  to  give  the  appearance  of  a  continuous  track.  Delay  between 
control  movement  and  the  confirming  display  response  shall  be  minimized  and 
shall  not  exceed  0.1  second. 

5. 4. 3. 2. 2. 1.3  Dimensions,  resistance,  and  clearance.  The  hand  grip  length 

should  be  in  the  range  of  liO  -  180  mm  (4,3''  -  The  grip  diameter  shall 

not  exceed  50  mm  (2").  Clearances  of  100  mm  (4“)  to  the  side  and  50  mm  (2”) 
to  the  rear  shall  be  provided  to  allow  for  hand  movement.  Joysticks  shall  be 
mounted  to  provide  forearm  support.  Modular  devices  shall  be  mounted  to  allow 
actuation  of  the  joystick  without  slippage,  movement,  or  tilting  of  the 
mounting  base. 

5, 4, 3. 2, 2. 2  Finger  operated  displacement  joysticks 
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5. 4. 3. 2. 2.2.1  Specific  use.  In  addition  to  the  general  uses,  finger 
operated  displacement  joysticks  are  useful  for  free-drawn  graphics.  In  this 
application,  there  is  usually  no  spring  return  to  center,  and  the  resistance 
should  be  sufficient  to  maintain  the  handle  position  when  the  hand  is  removed. 

5. 4. 3. 2. 2. 2. 2  Dynamic  characteristics.  Movement  shall  not  exceed 
45  degrees  from  the  center  position.  Movement  shall  be  smooth  in  all 
directions,  and  positioning  of  a  follower  shall  be  attainable  without 
noticeable  backlash,  cross-coupling,  or  need  for  multiple  corrective 
movements.  Control  ratios,  friction  and  inertia  shall  meet  the  dual 
requirements  of  rapid  gross  positioning  and  precise  fine  positioning. 

Recessed  mounting  or  pencil  attachments  may  be  utilized  as  Indicated  in 
Figure  18,  to  provide  greater  precision  of  control.  When  used  for  generation 

of  free-drawn  graphics,  the  refresher  rate  for  the  follower  on  the  CRT  shall 

be  sufficiently  hign  to  give  the  appearance  of  a  continuous  track.  Delay 
between  control  movement  and  the  confirming  display  response  shall  be 
minimized  and  shall  not  exceed  0,1  second. 

5. 4. 3. 2. 2. 2. 3  Dimensions,  resistance,  and  clearance.  The  joystick  should 

be  mounted  on  a  desk  or  shelf  surface  as  shown  in  Figure  18.  Joysticks  shall 

be  mounted  to  provide  forearm  or  wrist  support.  Modular  devices  shall  be 

mounted  to  allow  actuation  of  the  joystick  without  slippage,  movement,  or 
tilting  of  the  mounting  base. 

5. 4. 3. 2. 2. 3  Thumbtip/fingertip  operated  displacement  joysticks, 

5. 4. 3. 2. 2. 3.1  Specific  use.  Thumbtip/fingertip  operated  joysticks  may  be 
mounted  on  a  handgrip,  which  serves  as  a  steady  rest  to  damp  vibrations  and 
increase  precision.  If  so  mounted,  the  hand  grip  shall  not  simultaneously 
function  as  a  joystick  controller, 

5. 4. 3. 2. 2. 3. 2  Dynamic  characteristics.  Movement  shall  not  exceed 
45  degrees  from  the  center  pOsHion. 

5. 4. 3. 2. 2. 3. 3  Dimensions,  resistance,  and  clearance.  Joysticks  shall  be 
mounted  to  provide  wrist  or  hand’Tuppbft.'  fonsole  mounted  devices  shall  be 
mounted  as  shown  in  Figure  18.  Modular  devices  shall  be  mounted  to  allow 
actuation  of  the  joystick  without  slippage,  movement,  or  tilting  of  the 
mounting  base. 

5. 4. 3. 2. 3  Isometric  joystick  (two  axis  controllers).  {Also  known  as  stiff 
stick,  force  stick,  or  pressure  stick.  The  control  has  no  perceptible 
movement,  but  its  output  is  a  function  of  the  force  applied.)  Joystick 
controls  may  be  used  when  the  task  requires  precise  or  continuous  control  in 
two  or  more  related  dimensions.  Isometric  joysticks  are  particularly 
appropriate  for  applications:  (1)  which  require  precise  return  to  center 
after  each  use;  (2)  In  which  operator  feedback  is  primarily  visual  rather  than 
tactile  feedback  from  the  control  Itself;  and  (3)  where  there  is  minimal  delay 
and  tight  coupling  between  control  and  input  and  system  reaction.  Isometric 
sticks  should  ordinarily  not  be  used  in  applications  where  it  would  be 
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necessary  for  the  operator  to  maintain  a  constant  force  on  the  control  for  a 
long  period  of  time  or  where  there  Is  no  definitive  feedback  when  maximun 
control  inputs  have. been  exceeded.  Joystick  controls  may  be  used  when  the 
task  requires  precise  or  continuous  control  in  two  or  more  related  dimensions. 
When  positioning  speed  is  more  critical  than  positioning  accuracy,  isometric 
joysticks  should  be  selected  over  displacement  joysticks.  Isometric  joystick 
may  also  be  used  for  various  display  functions  such  as  data  pickoff  from  a 
CRT.  In  rate  control  applications,  v^ich  may  allow  the  follower  (cursor  or 
tracking  symbol)  to  transit  beyond  the  edge  of  the  display,  indicators  shall 
be  provided  in  order  to  aid  the  operator  In  bringing  the  follower  back  onto 
the  display. 


5. 4. 3. 2. 3.1  Hand-operated. 

5. 4. 3. 2. 3. 1.1  Specific  Use,  In  addition  to  the  general  use,  hand-operated 
isometric  joysticks  may  be  used  as  vehicle  controllers  and  aiming  sensors. 

Hand  operated  isometric  joysticks  may  be  used  as  mounting  platforms  for 
secondary  controls,  such  as  thumb  and  finger  operated  switches.  Operation  of 
secondary  controls  has  greater  induced  error  on  the  isometric  hand  grip  than 
does  displacement  handgrip  joysticks. 

5. 4. 3. 2. 3. 1.2  Dynamic  characteristics,  Haxmimum  force  for  full  output 
shal 1  not  exceed  118  N  (2^.1  lb). 

5. 4. 3. 2. 3. 1.3  Dimensions,  resistance,  and  clearance.  The  hand  grip  length 

should  be  in  the  range'“of “"'llO' 180 "mm""'(4 gp^p  qiameter  shall 

not  exceed  50  mm  (2'’).  Clearances  of  100  mm  (4”)  to  the  side  and  50  mm  (2'*) 
to  the  rear  shal)  be  provided  to  allow  for  hand  movement.  Joysticks  shall  be 
mounted  to  provide  forearm  support.  Modular  devices  shall  be  mounted  to  allow 
actuation  of  the  joystick  without  slippage,  movement,  or  tilting  of  the 
mounting  base. 


5, 4. 3. 2, 3. 2  Finger  operated. 

5. 4. 3. 2. 3. 2.1  Specific  use. 

5. 4. 3. 2. 3. 2. 2  Dynamic  characteristics. 

5*4. 3, 2. 3. 2. 3  Dimensions,  resistance,  and  clearance.  The  Joystick  should 
be  mounted  on  a  desk  or  shefr surface  as  shown  in  Figure  18.  Joysticks  shall 
be  mounted  to  provide  forearm  or  wrist  support.  Modular  devices  shall  be 
mounted  to  allow  actuation  of  the  joystick  without  slippage,  movement,  or 
tilting  of  the  mounting  base. 

5. 4. 3. 2, 3. 3  Thumbt ip/ fingertip  operated. 

5. 4. 3. 2. 3. 3. 1  Specific  use.  Thumbt ip/flngert ip  operated  joysticks  may  be 
mounted  on  a  handgrip,  which  serves  as  a  steady  rest  to  damp  vibrations  or 
increase  precision.  If  so  mounted,  the  hand  grip  shall  not  simultaneously 
function  as  a  joystick  controller. 
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*Mix1«an  stick  excursion  plus  100  on  (4*). 


FIGURE  10.  ISOTONIC  JOYSTICKS 
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5. 4. 3. 2. 3. 3. 2  Dynamic  characteristics, 

5. 4. 3.2. 3. 3. 3  Dimensions,  resistance  and  clearance.  Joysticks  shall  be 
mounted  to  provide  wrist  or  hand  support.  Console  mounted  devices  shall  be 
mounted  as  shown  in  Figure  18.  Modular  devices  shall  be  mounted  to  allow 
actuation  of  the  joystick  without  slippage,  movement,  or  tilting  of  the 
mounting  base. 


5. 4. 3.2. 4  Ball  control  (Also  known  as  track  ball,  ball  tracker,  joyball 
and  rolling  ball.) 

5. 4. 3. 2. 4.1  Use.  A  ball  control  suspended  on  low-friction  bearings  may  be 
used  for  various  control  functions  such  as  data  pickoff  on  a  display.  The 
ball  control  cannot  provide  an  automatic  return  to  point  of  origin,  hence  if 
used  in  applications  requiring  automatic  return  to  origin  following  an  entry 
or  readout,  the  interfacing  system  must  provide  this.  Because  the  ball  can  be 
rotated  without  limit  in  any  direction  it  is  well  suited  for  applications 
where  there  may  be  accumulative  travel  in  a  given  direction.  In  any 
application  which  would  allow  the  ball  to  drive  the  follower  on  the  display 
off  the  edge  of  the  display,  indicators  shall  be  provided  to  advise  the 
operator  how  to  bring  the  follower  back  onto  the  display.  Ball  controls 
should  be  used  only  as  position  controls  (I.e.,  a  given  movement  of  a  ball 
makes  a  proportional  movement  of  the  folk^far  on  the  display), 

5. 4. 3. 2. 4. 2  Dynamic  characteristics.  The  ball  control  shall  be  capable  of 
rotation  in  any  cffrec^fon  so  as  to  "generate  any  combination  of  x  and  y  output 
values.  When  moved  in  either  the  x  or  y  directions  alone  there  shall  be  no 
apparent  cross-coupling  (follower  movement  In  the  orthogonal  direction). 

While  manipulating  the  control,  neither  backlash  nor  cross-coupling  shall  be 
apparent  to  the  operator.  Control  ratios  and  dynamic  features  shall  meet  the 
dual  requirement  of  rapid  gross  positioning, and  smooth,  precise  fine 
positioning. 

5. 4. 3. 2. 4. 3  Limb  support.  When  trackball  controls  are  used  to  make  precise 
or  continuous  ad j ustments ,”wri st  support  or  arm  support  or  both  shall  be 
provided.  (See  5. 4. 3. 2. 1.4.) 

5. 4. 3. 2. 4. 4  Dimensions,,  resistance  and  clearance.  Dimensions,  resistance 
and  clearances  should  conform  to  the  criteria  in  Figure  19.  The  smaller 
diameter  ball  controls  should  be  used  only  where  space  availability  is  very 
limited  and  when  there  is  no  need  for  precision.  Preferred  mounting  is  on  a 
shelf  or  desk  top  (see  Figure  19). 

5.4. 3. 2. 5  Grid-and"Stylus  devices.  These  provisions  cover  various 
techniques  wh Teh  ut i 1 i te  some  means  of  establishing  an  x  and  y  grid  and  a 
stylus  for  designating  specific  points  on  that  grid  for  control  purposes 
(e.g. ,  time-shared  x  and  y  potential  grids  and  a  voltage-sensitive  stylus). 

5.4. 3. 2. 5.1  Application.  Grid  and  stylus  devices  may  be  used  for  data 
pickoff  from  a  Crt,  entry  of  points  on  a  display,  generation  of  free-drawn 
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graphics  and  similar  control  applications.  The  grid  may  be  on  a  transparent 
medium  allowing  stylus  placement  directly  over  corresponding  points  on  the 
display  or  it  may  be  displaced  from  the  display  in  a  convenient  position  for 
stylus  manipulation.  In  either  case  a  follower  (bug,  mark,  hook,  etc.)  shall 
be  presented  on  the  display  at  the  coordinate  values  selected  by  the  stylus. 
Devices  of  this  type  should  be  used  only  for  zero  order  control  functions 
(i.e.,  displacement  of  the  stylus  from  the  reference  position  causes  a 
proportional  displacement  of  the  follower). 

5. 4. 3. 2. 5. 2  Dynamic  characteristics.  Movement  of  the  stylus  in  any 
direction  on  the  grid  surface  shall  result  in  smooth  movement  of  the  follower 
in  the  same  direction.  Discrete  placement  of  the  stylus  at  any  point  on  the 
grid  shall  cause  the  follower  to  appear  at  the  corresponding  coordinates  and 
to  remain  steady  in  position  so  long  as  the  stylus  is  not  moved.  Refresh  rate 
for  the  follower  shall  be  sufficiently  high  to  ensure  the  appearance  of  a 
continuous  track  whenever  the  stylus  is  used  for  generation  of  free-drawn 
graphics. 

5. 4. 3. 2. 5. 3  Dimensions  and  mounting.  Transparent  grids  which  are  used  as 
display  overlays  sfiall  conform  to  the  size  of  the  display.  Grids  which  are 
displaced  from  the  display  should  approximate  the  display  size  and  should  be 
mounted  below  the  display  in  an  orientation  to  preserve  directional 
relationships  to  the  maximum  extent  (i.e.,  a  vertical  plane  passing  through 
the  north/south  axis  on  the  grid  shall  pass  through  or  be  parallel  to  the 
north/ south  axis  on  the  display). 

5. 4. 3*2. 6  Free-moving  XY  controller  (Mouse) 

5. 4. 3. 2. 6.1  Appl ication.  This  type  of  controller  may  be  used  on  any  flat 
surface  to  generate  x' and  y  coordinate  values  which  control  the  position  of 
the  follower  on  the  associated  display.  It  may  be  used  for  data  pickoff  or 
for  entry  of  coordinate  values.  It  should  be  used  for  zero  order  control  only 
(i.e.,  generation  of  x  and  y  outputs  by  the.. controller  results  in  proportional 
displacement  of  the  follower).  It  should  not  be  used  for  generation  of 
free-drawn  graphics. 

5. 4. 3. 2. 6. 2  Dynamic  characteristics.  The  design  of  the  controller  and 
placement  of  the  maneuveri ng  surface  shal 1  be  such  as  to  allow  the  operator  to 
consistently  orient  the  controller  to  within  jfi75  mrad  (lO®)  of  the  correct 
orientation  without  visual  reference  to  the  c'ontroller,  (That  is,  for 
example,  when  the  operator  grasps  the  controller  in  what  seems  to  be  the 
correct  orientation  and  moves  it  rectilinearly  along  what  is  assumed  to  be 
straight  up  the  y  axis,  then  the  direction  of  movement  of  the  follower  on  the 
CRT  shall  be  between  6110  and  175  mrad  (350®  and  10*).  The  controller  shall 
be  easily  movable  In  any  direction  without  a  change  of  hand  grasp  and  shall 
result  in  smooth  movetuent  of  the  follower  in  the  same  direction  ^175  mrad 
(10®).  The  controller  shall  be  operable  with  either  the  left  or” right  hand. 

A  complete  excursion  of  the  controller  from  side  to  side  of  the  maneuvering 
area  shall  move  the  follower  from  side  to  side  on  the  display  regardless  of 
scale  setting  or  offset  unless  expanded  movement  is  selected  for  an  automatic 
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sequencing  mode  of  operation.  In  any  application  which  would  allow  the 
controller  to  drive  the  follower  off  the  edge  of  the  display,  indicators  shall 
be  provided  to  assist  the  operator  in  bringing  the  follower  back  onto  the 
displ ay. 


5. 4, 3. 2. 6. 3  Dimensions  and  shape.  The  free-tnoving  xy  controller  shall 
have  no  sharp  edges  but  shall  be  shaped  roughly  as  a  rectangular  solid,  with 
limiting  dimensions  as  follows. 

Min, _  Max, _ 


Width  (spanned  by  thumb 
to  finger  grasp) 

Length 

Thickness 

5. 4. 3. 2. 7  Light  pen 


40  mm  (1.6  in.)  70  mm  (2,8  in.) 


70  mm  (2.8  in.)  120  mm  (4.7  in.) 

25  mm  (1.0  in.)  40  mm  (1,6  in.) 


5. 4. 3. 2. 7.1  Use.  A  simple  light  pen  may  be  used  as  a  track-oriented 
readout  device.“That  is,  it  may  be  positioned  on  the  display  screen  to  detect 
the  presence  of  a  computer-generated  track  by  sensing  its  refresh  pattern;  the 
display  system  will  then  present  a  follower  (hook)  on  the  designed  track. 

With  suitable  additional  circuitry,  a  follower  can  be  made  to  track  the 
movement  of  the  light  pen  across  the  surface,  thus  allowing  it  to  function  as 
a  two-axis  controller  capable  of  serving  the  same  purposes  as  the  grid  and 
stylus  devices  (paragraph  5. 4, 3. 2. 5.1). 


5. 4. 3. 2. 7. 2  Dynamic  characteristics.  When  used  as  a  two-axis  controller, 
light  pen  dynamic  characteristics  shall  conform  to  paragraph  5. 4. 3. 2, 5. 2. 


5. 4. 3. 2. 7. 3  Dimensions  and  mounting.  The  light  pen  shall  be  120  -  180  mm 
(4.7  -  7,1")  long  with  a  diameter  of  7  -  20  mm  (0.3  -  0.8").  A  convenient 
clip  shall  be  provided  at  the  lower  right  side  of  the  CRT  to  hold  the  light 
pen  when  it  is  not  In  use. 

5. 4. 3. 2. 8  Pedals. 


5. 4. 3. 2. 8.1  Use.  Pedal  controls  should  be  used  only  where  the  operator  is 
likely  to  have  "B^h  hands  occupied  when  control  operation  is  required,  control 
system  force  is  too  high  for  manual  force  capability  of  the  operator,  or 
standardized  use  of  pedals  has  created  a  sterotype  expectancy  (e.g.,  vehicle 
pedal  control  configurations  such  as  clutch,  brake,  accelerator,  rudder). 

5. 4. 3. 2. 8. 2  Location.  Pedal  controls  shall  be  located  so  that  the  operator 
can  reach  them  easily  without  extrwne  stretching  or  torso  twisting  and  can 
reach  the  maximally-displaced  pedals  within  anthropometric  limits  and 
force-capabilities  (see  Figure  20),  Pedals  that  may  be  held  or  must  be 
adjusted  (accelerator,  clutch,  etc.)  shall  be  located  so  the  operator  can 
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"rest"  and  "steady"  the  foot,  i.e.,  the  pedal  shall  be  an  appropriate  critical 
distance  above  the  floor  so  the  operator's  heel  can  rest  on  the  floor  while 
articulating  the  ankle/ foot.  When  this  cannot  be  done  (and  the  pedal  angle  is 
more  than  350  mrad  (20®)  from  the  horizontal  floor),  a  heel  rest  shall  be 
provided. 


5. 4, 3, 2. 8. 3  Control  return.  Except  for  controls  which  generate  a 
continuous  output,  rudder  controls)  pedals  shall  return  to  the  original 

null  position  without  requiring  assistance  from  the  operator  (e.g.,  brake 
pedal).  For  pedals  in  which  the  operator  may  normally  rest  the  foot  on  the 
control  between  operations,  sufficient  resistance  shall  be  provided  to  prevent 
the  weight  of  the  foot  from  inadvertently  actuating  the  control  (e.g., 
accelerator  pedal). 


5. 4. 3. 2. 8.4  Pedal  travel  path.  The  travel  path  shall  be  compatible  with 
the  natural  articulation  path  of  the  operator's  limbs  (i.e.,  thigh,  knee, 
ankle) . 


5. 4. 3. 2. 8. 5  High  force  application  aids.  When  high  forces  are  required  to 
fully  actuate  a  pedal,  appropriate  aids  shall  be  provided  to  assist  the 
operator  in  applying  maximum  force  including  the  following  where  applicable: 

a.  Seat  backrest. 

b.  Optimized  seat  height-to-pedal  and  normal  reach  distance  for  maximum 
force,  i.e.,  seat  reference  point  (SRP)  and  pedal  are  at  the  same  vertical 
height  and  reach  distance  is  configured  so  the  upper  thigh  and  lower  leg 
create  an  angle  of  approximately  2790  mrad  (160®)  (see  Figure  22). 

c.  Double<*width  pedal  so  that  both  feet  can  be  used. 

5. 4. 3. 2.8. 6  Non-slip  pedal  surface.  Pedals  used  for  high  force 
applications  shaVf  "be "provided  with  a  non-skid  surface.  Similar  surfaces  are 
desirable  for  all  pedals. 

5. 4. 3. 2. 8. 7  Dimensions,  resistance,  displacement  and  separation. 

Dimensions,  resistance,  displacement  and  sep^i^atlon  of  pedals  shaTl  conform  to 
the  criteria  in  Figure  20. 

5.4,4  High-force  controls. 

5. 4. 4.1  Use.  In  general,  controls  requiring  operator  forces  exceeding  the 
strength  limTts  of  the  lowest  segment  of  the  expected  user  population  shall 
not  be  used.  In  addition,  high  force  controls  shall  not  be  used  except  when 
the  operator's  nominal  working  position  provides  proper  body  support  or  limb 
support  or  both,  e.g,,  seat  backrest,  foot  support.  Sustained  (i.e., 
durations  longer  than  3  seconds)  high  force  requirements  shall  be  avoided. 

5. 4. 4. 2  Arm,  hand,  and  thumb-finger  controls.  Where  arm,  hand  and 
thumb-finger  controTs  requiring  hign  controt  forces  are  to  be  used,  the 
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FIGURE  21.  ARM,  HAND,  AND  TMUMB  FINGER  STRENGTH 
I6TH  PERCENTILE  MALE  DATA) 
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5.4.6  Touch-screen  controls  for  displays 

5. 4. 6.1  Use.  Touch-screen  control  may  be  used  to  provide  an  overlaying 
control  funHTon  to  a  data  display  device  such  as  CRTs,  dot  matrix/ segmented 
displays,  electroluminescent  displays,  programmable  indicators,  or  other 
display  devices  where  direct  visual  reference  access  and  optimum  direct 
control  access  are  desired. 

5. 4.6. 2  luminance  transmission.  When  used,  touch-screen  displays  shall 
have  sufficient  luminance  transmission  to  allow  the  display  with  touch-screen 
installed  to  be  clearly  readable  in  the  intended  environment  and  meet  the 
display  luminance  requirements  herein. 

5. 4. 6. 3  Positive  indication.  A  positive  indication  of  touch-screen 
actuation  shall  be  provided  to  acknowledge  the  system  response  to  the  control 
action. 

5. 4. 6. 4  Dimensions  and  separation.  The  dimensions  and  separation  of 
responsive  areas  of  the  touch-screen  shall  conform  to  Si,  So  and  Bw  of 
Figure  14. 


5. 4. 6. 5  Resistance.  Force  required  to  operate  force-actuated  touch-screens 
shall  conform  to  the alphanumeric  resistance  limits  of  Table  X. 


FIGURE  22.  UCGSTRENGTHATVARIOtlSKNEe  AND  THIQH  ANGLES 
(Blh  MRCENTILE  BIALE  DATA) 
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maximum  force  requirements  shall  not  exceed  those  specified  in  Figure  21, 
which  should  be  corrected,  where  applicable,  for  females.  {Two-thirds  of  each 
value  shown  is  considered  to  be  a  reasonable  adjustment.) 

5. 4. 4. 3  Foot  controls.  Where  foot  controls  requiring  high  control  forces 
are  to  be  used,  the  force  push  exerted  by  the  leg  depends  on  the  thigh  angle 
and  the  knee  angle.  Figure  22  specifies  the  mean  maximum  push  at  various  knee 
and  thigh  angles.  The  maximum  push  is  at  about  the  160  degree  angle,  referred 
to  as  the  limiting  angle.  The  values  of  Figure  22  apply  to  males  only  and 
should  be  corrected  for  females.  (Two-thirds  of  each  value  is  considered  to 
be  a  reasonable  adjustment.) 

5.4.5  Miniature  controls 

5. 4. 5.1  Use.  Miniature  controls  may  be  used  only  when  severe  space 
limitations  exist.  Miniature  controls  shall  not  be  used  when  available  space 
is  adequate  for  standard-sized  controls  or  when  heavy  gloves  or  mittens  will 
be  worn. 

5. 4. 5. 2  Dimensions,  resistance,  displacement  and  separation.  When  design 
constraints  dictate  the  use  of  miniature  controls,  the  dImensTons  and 
separation  of  the  controls  shall  be  the  maximum  permitted  by  the  available 
space  up  to  the  maxima  prescribed  herein  for  standard-sized  controls. 
Resistance  and  displacement  of  miniature  controls  should  conform  to  the 
criteria  specified  for  the  standard  size  of  that  type  of  control. 

5. 4. 5. 3  Other  requirements.  Other  design  considerations  (e.g.,  labeling, 
orientation)  shall  conform  to  the  requirements  specified  for  the  standard  size 
of  the  control. 

5.4.6  Touch-screen  controls  for  displays 

5. 4. 6.1  Use.  Touch-screen  control  may  be  used  to  provide  an  overlaying 
control  function  to  a  data  display  device  such  as  CRTs,  dot  matrix/ segmented 
displays,  electroluminescent  displays,  programmable  indicators,  or  other 
display  devices  where  direct  visual  reference  access  and  optimum  direct 
control  access  are  desired, 

5. 4. 6. 2  luminance  transmission.  When  used,  touch-screen  displays  shall 
have  sufficient  1  urn inan ce  t: r ansml s s i on  to  allow  the  display  with  touch-screen 
installed  to  be  clearly  readable  in  the  Intended  environment  and  meet  the 
display  luminance  requirements  herein. 

5. 4. 6. 3  Positive  indication.  A  positive  indication  of  touch-screen 
actuation  shal T  be  prov i cied  to  acknowledge  the  system  response  to  the  control 
action. 


5. 4. 6. 4  Dimensions  and  separation.  The  dimensions  and  separation  of 
responsive  areas  of  the  touch-screen  shall  conform  to  Sj,  Sg  and  of 
Figure  14. 

5. 4. 6. 5  Resistance.  Force  required  to  operate  force-actuated  touch-screens 
shall  conform  to  the  alphanumeric  resistance  limits  of  Table  X. 
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5. 5. 1.1  Application.  Labels,  legends,  placards,  signs  or  markings,  or  a 
combination  of  these  shall  be  provided  whenever  It  is  necessary  for  personnel 
to  identify,  interpret,  follow  procedures  or  avoid  hazards,  except  where  it  is 
obvious  to  the  observer  what  an  item  is  and  what  he  or  she  is  to  do  with  it. 

5. 5. 1.2  label  characteristics.  Label  characteristics  shall  be  consistent 
with  such  factors  as: 

a.  Accuracy  of  identification  required. 

b.  Time  available  for  recognition  or  other  responses. 

c.  Distance  at  v^ich  the  labels  must  be  read. 

d.  Illuminant  level  and  color. 

e.  Criticality  of  the  function  labeled. 

f.  Consistency  of  label  design  within  and  between  systems. 

5. 5. 1.3  Prototype  and  production  equipment  labels.  Labels  for  both 
prototype  and  production  equipment  shall  Kt" "the  criteria  specified  herein. 
Labels  for  production  equipment  shall  meet  the  cri tenia  specified  for  the 
duration  of  equipment  use.  Since  frequent  design  changes  may  be  anticipated 
in  prototype  equipment,  labels  for  such  equipment  shall  be  simply  and  easily 
affixed,  altered,  and  removed. 

5.5.2  Orientation  and  location. 

6. 5. 2.1  Orientation.  Labels  and  information  thereon  should  be  oriented 
horizontally  so”thatl:hey  may  be  read  quickly  and  easily  from  left  to  right. 
Vertical  orientation  may  be  used  only  when  labels  are  not  critical  for 
personnel  safety  or  performance  and  where  space  is  limited.  When  used, 
vertical  labels  shall  read  from  top  to  bottom. 

5. 5. 2.2  Location.  Labels  shall  be  placed  on  or  very  near  the  items  which 
they  identify,  so  as  to  eliminate  confusion  with  other  items  and  labels. 

Labels  shall  be  located  so  as  not  to  obscure  any  other  information  needed  by 
the  operator.  Controls  should  not  obscure  labels. 

5.5.2. 3  Standardization.  Labels  shall  be  located  in  a  consistent  manner 
throughout  the  equipment  and  system. 
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5.5.3  Contents. 

5.5.3. 1  Equipment  functions.  Labels  should  primarily  describe  the 
functions  of  equipment  items.  Engineering  characteristics  or  nomenclature  may 
be  described  as  a  secondary  consideration. 

5. 5. 3. 2  Abbreviations.  Standard  abbreviations  shall  conform  to  MIL-STD-12, 
MIL-STO-411,  or  MIL-STo-783.  If  a  new  abbreviation  Is  required,  its  meaning 
shall  be  obvious  to  the  intended  reader.  Capital  letters  shall  be  used. 
Periods  shall  be  omitted  except  when  needed  to  preclude  misinterpretation. 

The  same  abbreviation  shall  be  used  for  all  tenses  and  for  both  singular  and 
plural  forms  of  a  word. 

5. 5. 3. 3’  Irrelevant  information..  Trade  names  and  other  irrelevant 
Information  shall  not  appear  on  labels  or  placards. 

5.5.4  Qualities. 


®*^*^*^  Brevity.  Labels  shall  be  as  concise  as  possible  without  distorting 
the  intended  meaning  or  Information  and  shall  be  unambiguous.  Redundancy 
shall  be  minimized.  Where  the  general  function  is  obvious,  only  the  specific 
function  shall  be  identifed  (e.g.,  frequency  as  opposed  to  frequency  factor). 

5. 5. 4. 2  Familiarity.  Words  shall  be  chosen  on  the  basis  of  operator 
familiarity  whenever  possible,  provided  the  words  express  exactly  what  is 
intended.  Brevity  shall  not  be  stressed  if  the  results  will  be  unfamiliar  to 
operating  personnel.  For  particular  users  (e.g.,  maintenance  technicians), 
common  technical  terms  may  be  used  even  though  they  may  be  unfamiliar  to 
nonusers.  Abstract  symbols  (e.g.,  squares  and  Greek  letters)  shall  be  used 
only  when  they  have  an  accepted  meaning  to  all  intended  readers.  Common, 
meaningful  sy^ols  (e.g.,  %  and  *)  may  be  used  as  necessary. 

5. 5. 4. 3  Vi  Sibil ity  and  leoibility.  Labels  and  placards  shall  be  designed 
to  be  read  easily  ana  accurately  at  the  anticipated  operational  reading 
distances,  vibration/motion  environment,  and  illumination. 

5. 5. 4. 4  Access.  Labels  shall  not  be  covered  or  obscured  by  other  units  in 
the  equi pment  a ssemb 1 y . 

Label  life.  Labels  shall  be  clear  and  distinct,  have  high 
contrast,  be  mounted  so  as  to  minimize  wear  or  obscurement  by  grease,  grime, 
or  dirt,  and  shall  remain  legible  for  the  overhaul  interval  of  the  equipment 
on  which  they  are  mounted. 

5. 5. 4. 6  Label  background.  Label  color  shall  contrast  with  the  equipment 
backqround  specified  tn  ^.).9.  No  special  background  for  the  label  shall  be 
provided  without  approval  by  the  procuring  activity. 
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5.5.5  Design  of  label  characters. 

5.5.5. 1  Black  characters.  Where  the  ambient  murninance  viill  be  above 

10  lux  (0.9  tt-c),  black  characters  shall  be  provided  on  a  light  background. 

5. 5. 5. 2  Dark  adaptation.  Where  dark  adaptation  is  required,  the  displayed 
letters  or  numeral s  shal 1  be  visible  without  interfering  with  night  vision 
requirements.  Where  possible,  markings  shall  be  white  on  a  dark  background. 

5. 5. 5. 3  Style.  Style  of  label  characters  shall  conform  to  MIL-M-18012, 
where  consistent  with  5. 5. 5. 4,  5. 5. 5. 5,  5. 5. 5. 7,  and  5. 5. 5. 8,  herein. 

5. 5. 5. 4  Capital  vs  lower  case. 

5. 5. 5.4.1  Labels,  Labels  shall  be  printed  in  all  capitals;  periods  shall 
not  be  used  after  abbrevi ations . 

5. 5. 5. 4. 2  Legends.  Legends  shall  be  printed  in  all  capitals;  periods  or 
commas  shall  not  be  used. 

5. 5. 5. 4. 3  Placards.  Instructional  material  placards  may  employ  capitals 
and  lower  case  when  the  amount  of  material  consists  of  several  lines;  however, 
for  short,  instructional  material,  all-capitals  are  preferred.  All-capital 
material,  consisting  of  larger  caps  for  the  initial  letter  in  a  paragraph, 
line  of  instruction  or  procedural  step,  may  be  used. 

5. 5. 5. 4. 4  Signs.  Signs  shall  consist  of  all-capitals,  except  when  the  sign 
is  instruct  iorialand  involves  several  lines  of  extended  sentences,  in  which 
case  capitals  and  lower  case  letters  may  be  used. 

5. 5. 5. 5  Letter  width.  The  width  of  letters  should  be  3/5  of  the  height, 
except  for  "H"  and which  shall  be  4/5  of  the  height,  and  "I“,  which  shall 
be  one  stroke  wide. 

5. 5. 5. 6  Numeral  width.  The  width  of  numerals  shall  preferably  be  3/5  of 
the  hei ght,  excepf  Vo r  the  “4“,  which  shall  be  one  stroke  width  wider,  and  the 
•'1**  which  shall  be  one  stroke  wide. 

5. 5. 5. 7  Wide  characters.  Where  conditions  indicate  the  use  of  wider 
characters,  as  on  a  curved  surface,  or  where  numerals  must  be  aligned  vertically 
in  columns,  the  basic  height-to-width  ratio  may  be  Increased  to  as  much  as  1;1. 

5. 5. 5.8  Stroke  width  normal.  For  black  characters  on  a  white  (or  light) 
background,  the  stroke  wiJth  shall  be  1/6  to  1/7  of  the  height. 

5. 5. 5. 9  Stroke  width,  dark  adaptation.  Where  dark  adaptation  Is  required 
or  legibility  at  night  is  a  crUlcal  factor,  and  white  characters  ore 
specified  on  a  black  background,  the  stroke  width  of  the  characters  shall  be 
from  1/7  to  1/8  of  the  height  (i.e.,  narrower  than  specified  for  normal 
daytime  vision).  The  stroke  width  shall  be  the  same  for  all  letters  and 
numerals  of  equal  height. 
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5.5.5.10  Stroke  width,  transllluminated  characters.  For  transniumlnated 
characters,  the  stroke  width  shall  be  1/10  of  the  height. 

5.5.5.11  Character  spacing.  The  minimum  space  between  characters  shall  be 
one  stroke  v/ldth. 


5.5.5.12  Word  spacing.  The  minimum  space  between  words  shall  be  the  width 
of  one  character. 


5.5.5.13  Line  spacing.  The  minimum  space  between  lines  shall  be  one-half 
character  hefght. 


5.5.5,14  Label  size  vs  luminance.  The  height  of  letters  and  numerals  shall 
be  determined  by  the  required  reading  distance  and  luminance.  With  a  710  mm 
(28  in)  viewing  distance,  the  height  of  numerals  and  letters  shall  be  within 
the  range  of  values  in  Table  XII  for  "low"  and  "high"  control -display 
luminance  conditions. 


5.5,5.15  Character  height  and  viewing  distance.  For  general  dial  and  panel 
design,  with  the  luminance  normally  above  3.5  cd/m^  (1  ft-L),  character  height 
should  conform  to  the  values  given  below  for  various  distances: 


Viewing  distance 

a.  less  than  500  mm  (19.7  in) 

b.  0.5  -  1.0  m  (19.7  -  39.4  in) 

C.  1.0  -  2.0  m  (39.4  -  78.7  in) 

d.  2.0  -  4.0  m  (78.7  -  157.5  in) 

e.  4.0  -  8,0  ra  (157.4  -  315,5  In) 

5.5,6  Equipment  labeling. 

5. 5. 6,1  Units,  assemblies,  subassemblies  and  parts. 


Minimum  height 

2.3  mm  (0.09  in) 
4.7  mm  (0.18  in) 

9.4  ram  (0,37  in) 
19  m  (0.75  in) 
38  mm  (1.50  in) 


5. 5, 6.1.1.  General  requirements.  Each  unit,  assembly,  subassembly  and  part 
shall  be  labeled  with  a  clearly  visible,  legible,  and  meaningful  name,  number, 
code,  mark  or  symbol,  as  applicable. 


5.5.6. 1.2  Location.  The  gross  identifying  label  on  a  unit,  assembly  or 
major  subassembly  shall  be  located: 


a.  Externally  in  such  a  position  that  it  is  not  obscured  by  adjacent 
Itekis. 

b.  On  the  flattest,  most  uncluttered  surface  available. 

c.  On  a  main  chassis  of  the  equipment. 
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TABLE  Xtl.  LABEL  SIZE  VERSUS  LUMINANCE 


MARKINGS 

HEIGHT*  1 

aLSad/di^llft-U 

OR  BELOW 

ABOVE  XS  ad/ffl2 

11  ft-LI 

Par  orMaat  amUnti.  witb  pMltkHi 
wrtabla  (a.9..  mMMrab  on  aoMmart 
ami  latsaMa  or  moving  cealMl: 

S-Brnra 

(0.20HL31ifU 

3 —  Emm 
(0.12-A20Ui.i 

Por  orHIaat  marUniii  wHb  poiMon 
fioad  lam^  nomaralt  on  f Imd  imlaa, 
aanbobf  and  vvritali  marldoga«  or 

vnsf^incy  wwAg^wiuwiBi  * 

4M>Bnwn 
<0.10-4}^  toJ 

2JI*BiMni 
(0.10-0^  in.) 

gvU^Of  ivWvvOHNHBiO^  HKHBBy  Wo^hRV 

IfMiivcikNWtOr^^ 

U~SlWM 

(0J0B~O^ln.) 

IJ-Bmm 

(OAG«.OJ»in.) 

•Vlihtii « 710 iwwi  (21  lift.)  ditawwi.  V^a 
dItimM.  D.  odMr  thM  710  nM  UW  (M.), 
atoM  vahM  by  D/710  iiMi  ttM»  M. 
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d.  In  a  way  to  tninimize  wear  or  obscurement  by  grease,  grime,  or  dirt. 

e.  In  a  way  to  preclude  accidental  removal,  obstruction,  or  handling 
damage. 


5. 5. 6. 1.3  Terms.  Equipment  shall  be  labeled  with  terms  descriptive  of  the 
test  or  measurement  applicable  to  their  test  points  (e.g.,  demodulator  rather 
than  crystal  detector  and  power  amplifier  rather  than  bootstrap  amplifier). 

5. 5. 6. 1.4  Other  criteria.  In  addition  to  the  criteria  herein,  equipment 
labels  and  placards  shall  conform  to  HIL-STD-1Z9,  MIL-STD-130,  MIL-STO-195, 
MIL-STD-411.  MIL-STO-783,  MIL-STD-1247,  and  Requirement  67  of  HIL-STO-454,  as 
applicable. 

5. 5. 6. 2  Controls  and  displays. 

5. 5. 6. 2.1  General  requirements.  Controls  and  displays  shall  be 

appropri atol y  and  clearly  label ed  with  the  basic  information  needed  for  proper 
identification,  utilization,  actuation,  or  manipulation  of  the  element. 
Integrally  illuminated  panels  shall  comply  with  M11.-P-7788. 

5. 5.6. 2. 2  Simplicity.  Control  and  display  labels  shall  convey  verbal 
meaning  in  the  mo^  dT rect  manner,  by  using  simple  words  and  phrases. 
Abbreviations  may  be  used  when  they  are  familiar  to  operators  (e.g.,  psi,  km). 

5. 5. 6. 2. 3  Functional  labeling.  Each  control  and  display  shall  be  labeled 
according  to  f unct 1 bhi  and  the  fol 1  owl ng  criteria  shall  apply; 

a.  Similar  names  for  different  controls  and  displays  shall  be  avoided, 

b.  Instruments  shall  be  labeled  in  terms  of  what  is  being  measured  or 
controlled,  taking  into  account  the  user  and  purpose. 

c.  Control  labeling  shall  indicate  the  functional  result  of  control 
movement  (e.g.,  increase,  ON,  OFF)  and  may  Include  calibration  data  vd^ere 
applicable.  Such  information  shall  be  visible  during  normal  operation  of  the 
control , 


d.  When  controls  and  displays  must  be  used  together  (in  certain 
adjustment  tasks),  appropriate  labels  shall  indicate  their  functional 
relationship.  The  selection  and  use  of  terminology  shall  be  consistent. 

5. 5. 6. 2, 4  Location.  The  following  criteria  shall  apply  to  the  location  of 
control  and  display  labels. 

a.  Ease  of  control  operation  shall  be  given  priority  over  visibility  of 
control  position  labels. 

b.  Labels  should  normally  be  placed  above  the  controls  and  displays  they 
describe.  When  the  panel  is  above  eye  level,  labels  may  be  located  below  if 
label  visibility  will  be  enhanced  thereby. 
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c.  The  units  of  measurement  (e,g.,  volts,  psi,  meters)  shall  be  labeled 
on  the  panel. 

d.  Labels  shall  be  used  to  Identify  functionally  grouped  controls  and 
displays.  The  labels  shall  be  located  above  the  functional  groups  they 
Identify.  When  a  line  is  used  to  enclose  a  functional  group  and  define  its 
boundaries,  the  label  shall  be  centered  at  the  top  of  the  group  either  in  a 
break  in  the  line  or  just  below  the  line.  When  colored  pads  are  used,  the 
label  shall  be  centered  at  tbe  top  within  the  pad  area. 

e.  Label  location  throughout  a  system  and  within  panel  groupings  shall  be 
uniform. 


5. 5. 6. 2. 5  Size  graduation.  To  reduce  confusion  and  operator  search  time, 
labels  shall  be  graduated  in  size.  The  characters  in  group  labels  shall  be 
larger  than  those  used  to  identify  Individual  controls  and  displays.  The 
characters  identifying  controls  and  displays  shall  be  larger  than  the 
characters  identifying  control  positions.  With  the  smallest  characters 
determined  by  viewing  conditions,  the  dimensions  of  each  character  shall  be  at 
least  approximately  25  percent  larger  than  those  of  the  next  smaller  label. 
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5.6  Anthropometry. 

5.6.1  General ♦  Design  and  sizing  shall  insure  accommodation, 
compatibility,  operability,  and  maintainability  by  the  user  population. 
Generally,  design  limits  shall  be  based  upon  a  range  from  the  5th  percentile 
female  to  the  95th  percentile  male  values  for  critical  body  dimensions,  as 
appropriate,  except  for  Naval  aviator  special  populations  (see  5.6.4).  For  any 
body  dimension,  the  5th  percentile  value  indicates  that  five  percent  of  the 
population  will  be  equal  to  or  smaller  than  that  value,  and  95  percent  will  be 
larger;  conversely,  the  95th  percentile  values  indicates  that  95  percent  of 
the  population  will  be  equal  to  or  smaller  than  that  value  and  five  percent 
will  be  larger.  Therefore,  use  of  a  design  range  from  the  5th  to  95th 
percentile  values  will  theoretically  provide  coverage  for  90  percent  of  the 
user  population  for  that  dimension.  Where  two  or  more  dimensions  are  used 
simultaneously  as  design  parameters,  appropriate  multivariate  data  and 
techniques  should  be  utilized.  (See  Appendix  for  representative  references.) 
The  limited  anthropometric  data  presented  in  this  section  in  Figures  23 
through  28  and  Tables  XIII  through  XVIII  are  intended  to  provide  general 
design  guidance.  DOD-HDBK-743  should  be  consulted  for  more  extensive  data. 

Use  of  these  data  shall  take  the  following  into  consideration: 

a.  The  nature,  frequency,  safety,  and  difficulty  of  the  related  tasks  to 
be  performed  by  the  operator  or  wearer  of  the  equipment. 

b.  The  position  of  the  body  during  performance  of  these  tasks. 

c.  Mobility  or  flexibility  requirements  imposed  by  these  tasks. 

d.  Increments  in  the  design-critical  dimensions  imposed  by  the  need  to 
compensate  for  obstacles,  projections,  etc, 

e.  Increments  in  the  design-critical  dimensions  imposed  by  protective 
clothing  or  equipment,  packages,  lines,  padding,  etc. 

5.6.2  Anthropometric  data.  The  anthropometric  data  presented  in  Tables 
XIII  through  xVlIl  are  nude  body  measurements;  data  in  centimeters  are  given 
in  the  upper  half  of  each  table,  and  data  in  inches  are  shown  in  the  lower 
half  of  each  table.  (Note;  The  anthropometric  data  shown  in  these  tables 
have  been  compiled  and  collated  from  several  sources.  The  data  on  Ground 
Troops  consist  of  measurements  on  a  series  of  6682  U.S.  Army  men  and  a  series 
of  2008  U.S.  Marines,  both  measured  in  1966,  as  well  as  of  287  U.S.  Army  men 
measured  in  1977.  The  data  on  Aviators  represent  1482  U.S.  Army  aviation 
personnel,  measured  in  1970;  1549  U.S.  Nsvy  pilots,  measured  in  1964;  and 
2420  U.S.  Air  Force  flying  personnel,  measured  in  1967.  The  data  on  military 
women  consist  of  measurements  of  1300  U.S.  Army  WAC  personnel  and  Army  nurses, 
measured  in  1977;  and  1905  U.S.  Air  Force  WAF  personnel  and  Air  Force  nurses, 
measured  in  1968.)  Blanks  in  the  tables  indicate  that  data  are  not  available 
for  those  dimensions.  Technical  reports  (see  appendix)  should  be  consulted 
for  definitions  of  specified  measurements,  methods  of  data  collection  and 
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*SAME  AS  12;  HOWEVER » 

RIGHT  BHOULOCR  IS  EXTENOED 
At  EAR  FORWARD  AS  FOSSIBU 
WHILE  KBEFINQ  THE  SACK  OF 
THE  LEFT  SHOULDER  FIRMLY 
AGAINST  THE  BACK  WALL. 


FIGURE  23.  STANDING  BODY  DIMENSIONS 
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TABLE  Xtll.  STANDING  BODY  DIMENSIONS 


1  PERCENTILE  VALUES  IN  CENTIMETERS 

filh  PERCENTILE 

OSth  PERCENTILE 

GROUND 

___ 

UPPi 

TROOPS 

AVIATORS 

WOMEN 

WEIGHT  (kg) 

56^ 

00.4 

48.4 

81.0 

90.0 

744 

STANGINQ  BODY  OIMENSiONS 

1  STATURE 

1S2J 

1044 

1624 

186.6 

187.7 

174.1 

2  EYE  HEIGHT  (SrANDING) 

181.1 

182.1 

1404 

1734 

1754 

1624 

3  8HOUUIER  (ACROMIALE) 

HEIGHT 

133.6 

1334 

123.0 

1844 

1644 

143.7 

4  CHEST  (NIPPLE)  HEIGHT* 

I17.B 

120.8 

1004 

1304 

138.6 

1274^ 

5  ELBOW  (RAOIALE)  HEIGHT 

101 J) 

1044 

944 

.1174 

120.0 

110.7 

6  FINGERTIP  (DACTYLION) 

HEIGHT 

61.6 

734 

7  WAIST  HEIGHT 

00.6 

97.6 

93.1 

1164 

118.1 

1104 

8  CROTCH  HEIGHT 

76.3 

74.7 

68.1 

914 

924 

83.9 

B  GLUTEAL  FURROW  HEIGHT 

73.3 

74.6 

60.4 

17.7 

08.1 

914 

10  KNEECAP  HEIGHT 

47.B 

404 

434 

88.6 

674 

524 

11  CALF  HEIGHT 

31.1 

304 

20.0 

40.6 

394 

30.6 

12  FUNCTIONAL  REACH 

72.6 

73.1 

•44 

004 

874 

80.4 

13  FUNCTIONAL  REACH, 

EXTENDED 

B4;2 

B2.3 

734 

1014 

97.3 

92.7 

PEROBNTILE  VALUES  IN  INCHES 

WEIGHT  (lb) 

1224 

133.1 

1024 

2014 

2114 

1644 

STANDING  BODY  DIMENSIONS 

1  STATURE 

B4.1 

64.6 

•04 

73.1 

734 

004 

2  EYE  HEIGHT  (STANDING) 

SOB 

804 

BB4 

004 

094 

634 

3  SHOULDER  (ACROMIALE) 

HEIGHT 

824 

02.8 

48.4 

00.7 

904 

604 

4  CHEST  (NIPPLE)  HEIGHT  * 

4B.4 

474 

434 

63.7 

64.6 

604 

S  ELBOW  (RAOIAU)  HEIGHT 

3BJ 

414 

374 

404 

474 

434 

0  FINGERTIP  (DACrVUON) 

HEIGHT 

344 

294 

7  WAIST  HEIGHT 

334 

38.4 

36.6 

484 

484 

434 

S  CROTCH  HEIGHT 

304 

2B.4 

284 

30.1 

364 

334 

•  GLUTIAL  FURROW  HEIGHT 

2S4 

2B.4 

284 

344 

34.7 

314 

10  KNEECAP  HBIOHT 

1B.7 

1B.4 

174 

23.1 

224 

20.7 

11  CALF  HEIGHT 

124 

124 

114 

10.0 

16.6 

144 

12  FUNCTIONAL  REACH 

2B4 

28.0 

2S4 

384 

344 

31.7 

13  FUNCTIONAL  REACH. 

EXTENDED 

334 

32.4 

284 

KSI 

314 

364 

•BUtTMINT  HSIQNT  POR  WOMCN 
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nbURE  24.  SEATED  BODY  DIMENSIONS 
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TABLE  XIV.  SEATED  BODY  DIMENSIONS  ’ 


ftWClNTIU  VAtUES  tW  CEWTIMETERS 


i  StB  PERCENTILE 

i  BBBiPERCCNTILS 

GROUND 

GROUND 

HHII 

TROOPS 

AVIATORS 

TROOPS 

AVIATORS 

SEATCO  BOOV  DIMENSIONS 

1 

•1 

14  VERTICAL  ARM  REACH, 

12SJ 

134,0 

1178 

1478 

1838 

1384 

tlTTINQ 

1 

1 

1 

IS  SITTINQ  HEIQHT,  ERECT 

su 

•8,7 

76.0 

088 

968 

608 

16  SimNG  HEIGHT,  RELAXED 

21,8 

•3,6 

778 

648  1 

668 

86.7 

17  EYE  HEIGHT,  SITTINQ 

72J 

738 

87.7 

648 

S8.1 

76.1 

SMCT 

IS  EVE  HEIGHT,  SITTING 

70,0 

71  .• 

888 

828 

•4,0 

778' 

RELAXED 

IS  MID-SHOULOER  HEIQHT 

8S4 

8S8 

83.7 

67.7 

668 

628 

20  SHOULDER  HEIGHT,  | 

•4,2 

848 

488 

888 

688 

608 

SITTING 

21  SHOULOER-f  LEOW  LENGTH 

33J 

338 

308 

408 

9B.7 

368 

22  ELBOW<-GRIR  LENGTH 

21,7 

238 

268 

368 

378 

384 

23  ELEOW-f  INGERTII*  LENGTH 

428 

<4.7 

40.0 

82.0 

81.7 

478 

24  ELBOW  REST  HEIQHT 

178 

18.7 

16.1 

268 

268 

268 

26  THIGH  CLEARANCE  HEIQHT 

12.4 

104 

168 

178 

2S  KNBS  HEIQHT.  SITTINQ 

40,7 

aj 

468 

608 

868 

688 

27  raSLITBAL  HEIGHT 

2S,7 

36.4 

388 

80.0 

47.7 

48.7 

as  BUrroCKo-KNEE  LENGTH 

•48 

•88 

83.1 

•88 

•88 

•38 

2»  BUTTOCK-ROPUTEAL 

488 

448 

434 

UA 

848 

828 

UNGTH 

80  BUrroCK^EL  LENGTH 

46.7 

88.4 

21  fUNCnONCL  LEG  LENGTH 

1108 

1028 

868 

127.7 

1304 

11B8 

Minef  NTIUi  VALUU  IN  INCHU 


lATBO  BODY  INMENSIONI 

i 

i  VERTICAL  ARM  REACH, 

808 

838 

413 

1 

812 

808 

•48 

SITTING 

SITTINQ  HEIGHT,  ERECT 

328 

317 

31.1 

313 

318 

288 

1  SimNG  HEIGHT,  RELAXED 

32.1 

316 

308 

278 

3B8 

388 

EVE  HEIGHT,  IITTINO 

ERECT 

1  ^ 

308 

268 

338 

338 

318 

i  EYE  HEIGHT,  SITTING 
RELAXED  “ 

1  PA 

.m  _ 

.Pri. 

211 

38.7 

1  MID-SHOULDER  HEIGHT 

228 

238 

318 

28,7 

278 

248 

!  SHOULDER  HEIGHT, 

SimNG 

318 

218 

168 

28.7 

216 

217 

•HOULOER-ELDOW  UNGTH 

13.1 

111 

111 

188 

116 

144 

ELBOW-QRIP  UNGTH 

128 

128 

118 

18.1 

148 

14.0 

OLBaW.-PINGSRTtP  LENGTH 

178 

178 

18.7 

208 

204 

18.7 

ELBOW  REST  HEIGHT 

•8 

74 

84 

118 

11.6 

10.6 

THIQH  CLEARANCE  HEIGHT 

48 

4.1 

74 

•8 

KNEE  HEIGHT,  SimNG 

188 

168 

188 

217 

238 

218 

POPLITEAL  HtlGHT 

188 

111 

188 

16.7 

188 

188 

•UrrOCK-KNEE  LENGTH 

218 

210 

208 

288 

28.6 

■UTTOCK-^OPUTEAL 

UNGTH 

178 

17,7 

17.1 

218 

218 

20.7 

BUTTOCK-HEEL  UNGTH 

1B4 

213 

PUNCnONAL  UO  LENGTH 

438 

408 

368 

108 

'474— 

46.7 

MIL-ST0-U720 
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TABLE  XV.  DEPTH  AND  BREADTH  DIMENSIONS 


PERCENTILE  VALUES  IN  CENTIMETERS 

6th  PERCENTILE 

1  98th  PERCENTILE 

GROUND 

■nil 

GROUND 

TROOPS 

AVIATORS 

TROOPS 

AVIATORS 

WOMEN 

DEPTH  AND  BREADTH 

DIMENSIONS 

32  CHEST  DEPTH* 

18J 

20A 

180 

26.7 

270 

270 

33  BUTTOCK  DEPTH 

20.7 

18.4 

270 

240 

34  CHEST  BREADTH 

27J 

28.5 

26.1 

34.4 

380 

31.4 

36  HIP  BREADTH,  STANDING 

30.2 

31.7 

310 

36.7 

380 

390 

36  SHOULDER  (BIDELTOID) 
BREADTH 

41S 

43^ 

380 

480 

820 

450 

37  FOREARM-POnEARM 
BREADTH 

38J 

43.2 

330 

63.6 

60.7 

440 

3B  HIP  BREADTH.  SITTING 

30.7 

33.3 

330 

360 

420 

430 

38  KNEE-TO-^NEE  BREADTH 

18.1 

280 

PERCENT1U  VALUES  IN  INCHES 

DEPTH  AND  BREADTH 

DIMENSIONS 

32  CHEST  DEPTH* 

73 

SO 

7.7 

10O 

110 

10.7 

33  BUTTOCK  DEPTH 

SO 

mcM 

100 

90 

34  CHEST  BREADTH 

10J 

no 

130 

16.1 

12.4 

36  HIP  BREADTH,  STANDING 

11J 

120 

140 

180 

180 

38  SHOULDER  (BtOELTOlO) 
BREADTH 

lej 

170 

190 

20.7 

180 

37  FOREARM-FOREARM 

18J 

170 

21.1 

.  230 

17.7 

BREADTH 

38  HIP  BREADTH,  SITTING 

12.1 

13.1 

130 

18.1 

16.7 

170 

38  KNEE-TO-KNEE  BREADTH 

70 

1Q0 

*BUST  OCPTH  POR IVOMEN 
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TABLE  XVt.  CIRCUMFERENCES  AND  SURFACE  DIMENSIONS 


FERCENTILE  VALUES  IN  CENTIMETERS 

8lh  FERCENTILE 

1  96tli  PERCENTILE 

GROUND 

GROUND 

TROOPS 

AVIATORS 

WOMEN 

TROOPS 

AVIATORS 

WOMEN 

CIRCUMFERENCES 

40 

NECK  CIRCUMFERENCE 

34.2 

34.S 

294 

414 

414 

317 

41 

CHEST  CIRCUMFERENCE* 

•3.8 

57.5 

764 

1064 

1054 

1004 

42 

WAIST  CIRCUMFERENCE 

55.4 

73.5 

654 

564 

101.7 

834 

43 

HIF  CIRCUMFERENCE 

86.1 

57.1 

864 

1054 

105.4 

105.1 

44 

HIF  CIRCUMFERENCE, 

SITTING 

97.0 

t7.7 

1194 

1104 

45 

VERTICAL  TRUNK  CIRCUM- 
FEfWNCE,  STANDING 

150.6 

155J 

1424 

1784 

1514 

1664 

45 

VERTICAL  TRUNK  CIRCUM¬ 
FERENCE.  SITTING 

160.4 

1344 

181.0 

47 

ARM  SCYE  CIRCUMFERENCE 

39.6 

395 

334 

60.3 

41.7 

45 

EICaFS  CIRCUMFERENCE. 
FUXEO 

27  J) 

27.8 

212 

374 

■a 

304 

48 

6L60W  CIRCUMFERENCE, 

flexed 

25.5 

216 

■ill 

30.0 

SO 

FOREARM  CIRCUMFERENCE, 
FLEXED 

26.1 

263 

224 

33.1 

33.1 

27.5 

81 

WRIST  CIRCUMFERENCE 

16.7 

1SJ 

134 

116 

194 

164 

52 

OFFER  THIGH  aRCUM- 
FERENCE 

48.1 

46.5 

45.7 

634 

919 

64.5 

S3 

CALF  CIRCUMFERENCE 

31.6 

33.3 

30.5 

414 

414 

30.2 

84 

ANKLE  CIRCUMFERENCE 

10.3 

20.0 

15.7 

264 

24.1 

234 

05 

WAIST  SACK  UNGTN 

35.2 

42.4 

35.7 

604 

604 

45.4 

85 

WAUn  FRONT  LENGTH 

35.1 

36.7 

304 

454 

444 

414 

FERCENTIU  VALUES  IN  INCHES 

CIRCUMFERENCES 

40 

NECK  CIReUMFtRENCE 

13JI 

13.1 

114 

15.1 

184 

144 

41 

CHEST  CIRCUMFERENCE* 

33.0 

34.4 

304 

41.7 

434 

354 

42 

WAIIT  CIRCUMFERENCE 

35J 

25.5 

23.4 

40.0 

32.9 

43 

HIF  CIRCUMFERENCE 

315 

34.3 

317 

42.7 

414 

44 

HlFCmCUMFBRENCC, 

httino 

35J 

344 

M 

47.0 

434 

45 

VERTICAL  TRUNK  CIRCUM¬ 
FERENCE.  STANDING 

68J 

514 

554 

714 

55.8 

45 

VERTICAL  TRUNK  CIRCUM¬ 
FERENCE,  IITTINQ 

654 

611 

584 

534 

47 

ARM  SCYE  CIRCUMFERENCB 

16.5 

18.7 

134 

184 

204 

154 

45 

1ICEF8  CIRCUMFERENCE, 
FLEXED 

10J 

114 

5.1 

144 

144 

111 

45 

ELNOW  ORCUMFERENCE, 
FLEXED 

114 

54 

116 

114 

60 

FOREARM  CIRCINIFERENCE. 
FUXSD 

lOJ 

10.4 

17 

110 

110 

104 

51 

WRIST  CIRCUMFERENCE 

5J 

54 

64 

74 

74 

54 

52 

UFFER  THIGH  CIRCUM¬ 
FERENCE 

15J 

154 

194 

211 

254 

25.4 

53 

CALF  CIRCUMFERENCE 

12.4 

111 

124 

154 

113 

16.4 

54 

ANKLE  CIRCUMFERENCE 

7.6 

74 

94 

1.7 

94 

86 

WAIST  SACK  LENGTH 

16.4 

15.7 

20.0 

204 

174 

85 

WAIIT  FRONT  LENGTH 

143 

14.1 

164 

174 

164 

*tUfiT  CmcUUliElliMCC  FOK  WOMEN 
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TABLE  XVIt.  HAND  AND  FOOT  DIMENSIONS 


PERCENTILE  VALU 

lES  IN  CENTIMETERS 

6« 

h  PERCENTILE 

86eli  PERCENTILE 

GROUND 

pm™ 

Mili 

TROOPS 

AVIATORS 

WOMEN 

iLivIkl 

AVIATORS 

HAND  DIMENSIONS 

■M 

S7  HAND  LENGTH 

174 

17.7 

16.1 

20.7 

20.7 

58  PALM  LENGTH 

8J 

102 

82 

11,7 

112 

102 

58  HAND  BREADTH 

8.1 

82 

62 

8.7 

8.7 

82 

60  HAND  CIRCUMFERENCE 

184 

18.6 

162 

23.6 

23.1 

192 

61  HAND  THICKNESS 

2.4 

32 

FOOT  DIMENSIONS 

62  FOOT  LENGTH 

24E 

24.4 

222 

282 

292 

262 

63  INSTEP  LENGTH 

17.7 

172 

162 

21.7 

31.4 

192 

64  FOOT  BREADTH 

8D 

82 

82 

102 

112 

92 

66  FOOraRCUMFERENCE 

22J 

22.6 

202 

272 

242 

66  HEEL-ANKLE 

CIRCUMFERENCE 

31J 

30.7 

282 

372 

362 

332 

PERCENTILE  VALUES  IN  INCHES 

HAND  DIMENSIONS 

57  HAND  LENGTH 

8JB 

628 

828 

8.13 

S.14 

728 

68  PALM  LENGTH 

8.77 

S22 

326 

4.61 

428 

424 

58  HAND  BREADTH 

320 

322 

2.72 

323 

320 

80  HAND  CIRCUMFERENCE 

726 

7.71 

622 

828 

8.11 

722 

•1  HAND  THICKNESS 

026 

127 

FOOT  DIMENSIONS 

62  FOOT  LENGTH 

SAB 

8.62 

8.74 

11.41 

11.42 

10.42 

63  INSTEP  LENGTH 

8A7 

628 

8.41 

624 

S.43 

7.70 

64  FOOT  BREADTH 

323 

324 

3.16 

428 

428 

324 

86  FOOT  CMRCUMFERENCE 

826 

S21 

6.17 

10.78 

1022 

8.06 

68  HEEL-ANGU 

CIRCUMPERSNCE 

1222 

1228 

1121 

1427 

1420 

13.11 
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TABLE  XVIII.  HEAD  AND  FACE  DIMENSIONS 


PERCENTILE  VALUES  IN  CENTIMETERS  | 

6th  PERCENTILE 

SEthPERCENTtI 

LE 

GROUND 

inii 

GROUND 

TROOPS 

AVIATORS 

TROOPS 

AVIATORS 

WOMEN 

HEAD  AND  PACE  DIMENSIONS 

87  HEAD  CIRCUMFERENCE 

68  BITRAQION-CORONAL 

63J 

634 

624 

684 

SB4 

S7.7 

CURVATURE 

31JB 

334 

314 

36.1 

374 

36.3 

80  BITRAGION-MENTON 

CURVATURE 

28U) 

30.1 

274 

33.1 

34.7 

314 

70  BITRAQION- 

SUBMANDIBULAR 

CURVATURE 

28.7 

28.4 

244 

30.7 

33.8 

284 

71  HEAD  LENGTH 

184 

18.6 

174 

20.7 

214 

194 

72  PRONA3ALE  TO  WALL 

20.8 

21.4 

18.7 

23.6 

24.1 

234 

73  TRAQIONTOWALL 
n  HEAD  DIAGONAL 

84 

94 

84 

124 

12,1 

114 

(MENTON-OCCIPUTI 

24.4 

284 

76  HEAD  BREADTH 

144 

14.4 

13.6 

16.3 

18.6 

1S.8 

78  BITRAGION  BREADTH 

124 

13.1 

12.1 

144 

1S4 

13.8 

n  BIAURICULAR  BREADTH 

78  HEAD  HEIGHT  (TRAG.-TOP 

164 

174 

144 

194 

204 

17.4 

OFHEAOl 

11J 

124 

114 

144 

14.4 

144 

78  GLABELLA  TO  TOP 

OF  HEAD 

B4 

74 

7.1 

84 

104 

84 

10  PRONA8AUTOTOP 

OF  head 

114 

134 

114 

16.1 

18.8 

184 

81  FACE  LENGTH 

(MENT0N4ELLI0N) 

104 

104 

B.6 

131 

134 

114 

82  PACE  (BIZYGOMATIC) 

BREADTH 

124 

12.4 

114 

14.8 

18.1 

144 

83  8IOCUUR  BREADTH 

84 

8.4 

B4 

10J 

10.1 

10.5 

88  INTERPUPILLARY  BREADTH 

6.1 

84 

6.1 

14 

74 

84 

«l  INTEROCULAR  BREADTH 

2.7 

2.7 

34 

3.7 

88  UP  TO  UP  LENGTH 

87  UP4ENOTH  (MOUTH 

1.1 

24 

BREADTH) 

4.6 

X7 

6.9 

6.1 

88  EAR  LENGTH 

88  EAR  LENGTH  ABOVE 

64 

64 

44 

84 

74 

84 

TRAOION 

24 

3.4 

80  EAR  breadth 

24 

3u0 

2.4 

84 

44 

36 

91  EAR  PROTRUSION 

14 

2.8 

141 
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V  .  . 

TABLE  XVfll.  HEAD  AND  FACE  DIMENSIONS  (CONCLUDED) 


PERCENTILE  VALUES  IN  INCHES  | 

5th  PERCENTILE 

9Bth  PERCENTILE  | 

GROUND 

GROUND 

TROOi^ 

AVIATORS 

WOMEN 

TROOPS 

AVIATORS 

WOMEN 

HEAD  AND  FACE  DIMENSIONS 

■ 

■Hill 

87  HEAD  CIRCUMFEKENCE 

68  BITRAQION^RONAL 

20;94 

21.18 

2D.57 

22.73 

CURVATURE 

12JS6 

13.14 

12.31 

14.21 

14J0 

14.29 

66  BITRAGION-MENTON 

CURVATURE 

11A2 

11.86 

10.74 

13.03 

13.66 

12.45 

70  BITRAGION* 

SUBMANDIBULAR 

CURVATURE 

10J1 

11.18 

9.63 

12J09 

13.23 

11.37 

71  HEAD  LENGTH 

7.19 

7.32 

6.80 

8.14 

8.27 

7B0 

72  PRONASALE  TO  WALL 

8.18 

8.42 

7JB8 

9JL7 

9.50 

9.15 

73  TRAGION  TO  WALL 

74  HEAD  DIAGONAL 

3.33 

3.62 

3.47 

4.96 

4.77 

4.64 

(MENTON-OCCIPUT) 

9.60 

lojsa 

76  HEAD  BREADTH 

SJ9 

5.67 

5.33 

6.40 

&60 

6.12 

76  BITRA6ION  BREADTH 

4.92 

5.17 

4.76 

5.71 

SJ8 

5.46 

77  BIAURICULAR  BREADTH 

78  HEAD  HEIGHT  (TRAQ..TOP 

ejo 

6.89 

5.61 

7.64 

7JS 

6.84 

OF  HEAD) 

4.69 

4.74 

4.S6 

5.72 

5.69 

5.62 

79  GLABELLA  TO  TOP 

OF  HEAD 

2.56 

2.81 

2.79 

3.70 

4.30 

3.88 

80  PRONASAUTOTOP 

OF  HEAD 

4J7 

5.12 

4.70 

5J4 

6J4 

6.61 

81  FACE  LENGTH 

(MENTON4ELLION) 

4.17 

4A4 

3.79 

5.17 

5.13 

4A3 

82  FACE  (BIZYGOMATIC) 

BREADTH 

5.04 

4.87 

4.69 

5.88 

5J4 

5.63 

83  BIOCULAR  BREADTH 

3.66 

3.31 

3.47 

3J9 

4.14 

84  INTERPUPILLARY  BREADTH 

2.01 

2.10 

2.00 

2.67 

2.76 

2.67 

85  INTEROCULAR  BREADTH 

1.08 

1.05 

1J0 

1.45 

86  LIP  TO  UP  LENGTH 

87  LIP  LENGTH  (MOUTH 

0.41 

0J2 

BREADTH) 

1.76 

1.46 

2J0 

2.01 

88  EAR  LENGTH 

89  EAR  LENGTH  ABOVE 

2.17 

2.31 

1.77 

2.72 

2J8 

2.34 

TRAGION 

0.97 

1.36 

90  EAR  BREADTH 

1.S0 

1.19 

0.95 

1.97 

1.70 

1.38 

91  EAR  PROTRUSION 

0.66 

1.09 
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more  detailed  anthropometric  data;  definitive  or  more  specific  data  should  be 
obtained  from  the  service  agency  responsible  for  anthropometry. 

5.6.3  Use  of  data. 

5. 6. 3.1  Data  limitations.  Because  the  anthropometric  data  presented  here 
represent  nude  body  measurements,  suitable  allowances  shall  be  made  for  light 
or  heavy  clothing,  flying  suits,  helmets,  boots,  body  armor,  load-carrying 
equipment,  protective  equipment,  and  other  worn  or  carried  items,  when 
utilizing  these  data  for  design  criteria. 

5. 6. 3. 2  Clearance  dimensions.  Clearance  dimensions  (e.g.,  for  passageways 
and  accesses'),  which  must  acconmodate  or  allow  passage  of  the  body  or  parts  of 
the  body,  shall  be  based  upon  the  95th.  percentile  values  for  applicable  body 
dimensions. 


5.6. 3. 3  Limiting  dimensions.  Limiting  dimensions  (reaching  distance, 
control  movement,  displays,  test  points,  handrails,  etc.)  which  restrict  or 
are  limited  by  extensions  of  the  body  shall  be  based  upon  the  5th  percentile 
values  for  applicable  body  dimensions. 

5. 6. 3. 4  Adjustable  dimensions.  Seats,  restraint  systems,  safety  harnesses, 
belts,  controls  or  any  equipment  that  must  be  adjusted  for  the  comfort  or 
performance  of  the  individual  user  shall  be  adjustable  over  the  range  of  the 
5th  to  95th  percentile  values  for  the  applicable  body  member(s). 

5. 6. 3. 5  Clothing  and  personal  equipment.  Clothing  and  personal  equipment 
(including  protective  or  spec fall  zed  equipment  worn  or  carried  by  the 
individual)  shall  be  designed  and  sized  to  accormodate  at  least  the  5th 
through  the  95th  percentile  values  of  body  dimensions.  Pertinent  dimensions 
of  essential  or  critical  equipment  (e.g.,  aviators’  helmets)  shall  be  based 
on  the  1st  and  99th  percentile  values.  Where  two  or  more  dimensions  are  used 
simultaneously  as  design  parameters,  appropriate  multivariate  data  and 
techniques  shall  be  utilized.  (See  appendix  for  representative  references.) 

5.6.4  Special  populations.  Where  equipment  will  be  used,  inclusively  or 
exclusively,  by  'select’eT'or  specialized  segments  of  the  military  population 
(e.g.,  Army  tank  crews,  Navy  divers,  etc.)  or  population  ranges  other  than  the 
5  -.95th  percentiles  (e.g.,  disproportionate  anthropometric  accommodation  test 
cases),  appropriate  available  anthropometric  data  on  these  specialized 
populations,  contained  in  OOO-HDBK-743 ,  shall  be  utilized  for  design  and 
sizing  criteria.  Where  equipment  Is  intended  for  use  by  foreign  military 
personnel,  appropriate  anthropometric  data  on  such  populations  shall  be 
utilized  for  design  and  sizing  criteria,  (See  appendix  for  representative 
references.) 
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5.7  Workspace  design. 

5.7.1  General «  Unless  otherwise  noted,  the  following  criteria  apply  to 
ground  installations  and,  as  practical,  to  airborne  and  shipboard 
installations. 

5. 7. 1.1  Kick  space.  All  cabinets,  consoles,  and  work  surfaces  that  require 
an  operator  to  stand  or  sit  close  to  their  front  surfaces  shall  contain  a  kick 
space  at  the  base  at  least  100  mm  (4  inches)  deep  and  100  mm  (4  Inches)  high 
to  allow  for  protective  or  specialized  apparel. 

5. 7. 1.2  Handl es .  Handles  on  cabinets  and  consoles  shall  be  recessed 
whenever  practicable,  to  eliminate  projections  on  the  surface.  If  handles 
cannot  be  recessed,  they  shall  be  designed  such  that  they  shall  neither  injure 
personnel  nor  entangle  clothing  or  equipment. 

5. 7. 1.3  Work  space.  Whenever  feasible,  free  floor  space  of  at  least 
1.220  m  (4  feet)  sHall  be  provided  in  front  of  each  console.  For  equipment 
racks  that  require  maintenance,  free  floor  space  shall  be  provided  in 
accordance  with  the  following  criteria. 

5. 7. 1.3.1  Depth  of  work  area.  Clearance  from  the  front  of  the  rack  to  the 
nearest  facing  surface  or  obstacle  shall  not  be  less  than  1.070  m  (42  Inches). 
The  minimum  space  between  rows  of  cabinets  shall  be  200  mm  (8  Inches)  greater 
than  the  depth  of  the  deepest  drawer  (equipment). 

5. 7. 1.3. 2  Lateral  work  space.  The  minimum  lateral  workspace  for  racks 
having  drawers  or  removable  equipment  shall  be  as  follows  (measured  from  the 
drawers  or  equipment  in  the  extended  position): 

a.  For  racks  having  drawers  or  removable  items  weighing  less  than  20  kg 
(44  pounds):  460  mm  (18  Inches)  on  one  side  and  100  mm  (4  inches)  on  the 
other. 


b.  For  racks  having  drawers  or  removable  items  weighing  over  20  kg  (44 
pounds):  460  mm  (18  inches)  on  each  side. 

5. 7. 1.3. 3  Space  between  rows  of  cabi nets .  The  minimum  space  between  rows 
of  cabinets  shaH  Be  ^00  mm  "(S  inches )  greater  than  the  depth  of  the  deepest 
drawer  or  cabinet. 

5. 7. 1.3. 4  Storage  space.  Adequate  and  suitable  space  shall  be  provided  on 
consoles  or  inmedi ate  work  space  for  the  storage  of  manuals,  worksheets,  and 
other  materials  that  are  required  for  use  by  the  operational  or  maintenance 
personnel . 

5.7.2  Standing  operations 

5. 7. 2.1  Work  surface.  Unless  otherwise  specified,  work  surfaces  to  support 
job  instruction  manuals,  worksheets,  etc.,  shall  be  915  +15  mm  (36  jjO.6  Inches) 
above  the  floor.  "* 
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5. 7. 2. 2  D1 spl ay  pi acement ,  normal .  Visual  displays  mounted  on  vertical 
panels  and  used  in  normal  equipment  operation  shall  be  placed  between  1.040  m 
(41  inches)  and  1.780  m  (70  inches)  above  the  standing  surface. 

5. 7. 2. 3  Pi spl ay  pi acement ,  speci al .  Displays  requiring  precise  and 
frequent  reading  shall  be  placed  between  1.270  m  (50  inches)  and  1.650  m 
(65  inches)  above  the  standing  surface. 

5. 7. 2. 4  Control  placement,  normal.  All  controls  mounted  on  a  vertical 
surface  and  used  in  normal  equipment  operation  shall  be  located  between  860  mm 
and  1.780  m  (34  and  70  inches)  above  the  standing  surface. 

5. 7. 2. 5  Control  placement,  special.  Controls  requiring  precise  or  frequent 
operation  and  'emergency  controls  shall  be  mounted  between  860  mm  and  1.350  m 
(34  and  53  inches)  above  the  standing  surface  and  no  farther  than  530  mm  (21 
inches)  laterally  from  the  centerline. 

5.7.3  Seated  operations. 

5.7.3. 1  Work  surface  width  and  depth.  A  lateral  workspace  of  at  least 

760  mm  (30  inches)  wide  and  400  mm  (16  inches)  deep  shall  be  provided  whenever 
practicable. 

5. 7. 3. 2  Work  surface  height.  Desk  tops  and  writing  tables  shall  be  740  to 
790  mm  (29  to  31  incT^es)  “above  the  floor,  unless  otherwise  specified. 

5. 7. 3. 3  Writing  surfaces.  Where  a  writing  surface  is  required  on  equipment 
consoles,  it  sHalT  be  at  least  400  mm  (16  inches)  deep  and  should  be  610  ram 
(24  Inches)  wide,  when  consistent  with  operator  reach  requirements. 

5. 7. 3. 4  Seating. 

5. 7. 3. 4.1  Cwnpatibnity.  Work  seating  shall  provide  an  adequate  supporting 
framework  for  the T)6<Iy '  relative  to  the  activities  that  must  be  carried  out. 
Chairs  to  be  used  with  sit-down  consoles  shall  be  designed  to  be  operationally 
compatible  with  the  console  configuration. 

5. 7. 3.4. 2  Vertical  adjustment.  Provision  shall  be  made  for  vertical  seat 
adjustment  from  336  to  §35  mm  (15  to  21  inches)  in  increments  of  no  more  than 
25  mm  (1  inch)  each. 

5. 7. 3. 4. 3  Backrest .  A  supporting  backrest  that  reclines  between  1745  and 
2005  mrad  (I 66  ah^  115  degrees)  shall  be  provided.  The  backrest  shall  engage 
the  lumbar  and  thoracic  regions  of  the  back,  and  shall  support  the  torso  in 
such  a  position  that  the  operator's  eyes  can  be  brought  to  the  "Eye  Line"  with 
no  raore  than  75  m«  (3  inches)  of  forward  body  movement. 

5. 7. 3. 4. 4  Cushioning.  Where  applicable,  both  the  backrest  and  seat  shall 
be  cushioned  wltK  at  least  25  mm  (1  inch)  of  compressible  material  and 
provided  with  a  smooth  surface. 
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5. 7. 3. 4. 5  Armrests,  Unless  otherwise  specified,  armrests  shall  be 
provided.  Armrests  that  are  Integral  with  operators*  chairs  shall  be  at  least 
50  mm  (2  inches)  wide  and  200  mm  (8  inches)  long.  Modified  or  retractable 
armrests  shall  be  provided  when  necessary  to  maintain  compatibility  with  an 
associated  console  and  shall  be  adjustable  from  190  to  280  mm  (7.5  to 

11  inches)  above  the  compressed  sitting  surface. 

5. 7. 3. 5  Knee  room.  Knee  and  foot  room  that  equals  or  exceeds  the  following 
minimum  dimensions  shall  be  provided  beneath  work  surfaces: 

a.  Height:  640  mm  (25  inches).  If  a  fixed  footrest  or  a  foot-operated 
control  is  provided,  this  dimension  shall  be  increased  accordingly. 

b.  Width:  510  mm  (20  Inches) 

c.  Depth:  460  mm  (18  inches) 

5. 7. 3. 6  Pi spl ay  pi acement ,  normal .  Visual  displays  mounted  on  vertical 
panels  and  used  in  normal  equipment  operation  shall  be  placed  in  an  area 
between  150  and  1170  mm  (6  and  46  inches)  above  the  sitting  surface, 

5. 7. 3. 7  Display  placement,  special.  Indicators  that  must  be  read  precisely 
and  frequently  shall  be  placed  in  an  area  between  360  and  890  mm  (14  and 

35  inches)  above  the  sitting  surface,  and  no  further  than  530  mm  (21  Inches) 
laterally  from  the  centerline. 

5. 7. 3. 8  Warning  di spl ays.  For  "sit"  consoles  requiring  horizontal  vision 
over  the  top,  critl cal  visual  warning  displays  shall  be  mounted  at  least 
570  mm  (22,5  inches)  above  the  sitting  surface. 

5. 7. 3. 9  Control  placement,  normal.  All  controls  mounted  on  a  vertical 
surface  and  used  In  normal  equipment  operation  shall  be  located  between  200 
and  860  mm  (8  and  34  inches)  above  the  sitting  surface. 

5.7.3.10  Control  placement,  special.  Controls  requiring  precise  or 
frequent  operation  snail  be  nrounted  between  200  and  740  mm  (8  and  29  Inches) 
above  the  sitting  surface. 

5.7.4  Common  working  positions.  Anthropometric  data  for  the  design  and 
sizing  of  work  spaces  fnvol vlhg  standi ng ,  sitting,  stooping,  kneeling  and 
supine  positions  are  presented  In  Table  XIX  and  illustrated  in  Figure  29. 

Fifth  and  95th  percentile  values  for  men  and  women  are  given  for  various  body 
dimensions  in  both  centimeters  and  inches.  (The  data  are  based  on 
measurements  of  300  Army  women  and  106  Army  men  in  1977;  therefore, 
differences  in  several  measurements  common  to  Table  XIX  and  tables  of  para  5,6 
should  be  resolved  in  favor  of  the  latter  tables.  Information  on  other 
"Anthropometry  of  Conmion  Working  Positions"  may  be  found  in  the  reference  so 
titled  in  the  Appendix.)  Suitable  allowances  should  be  made  for  heavy  clothing 
or  protective  equipment  when  required.  In  no  case  shall  clearance  dimensions 
be  less  than  the  95th  percentile  values  for  men  or  limiting  dimensions  be  more 
than  the  5th  percentile  values  for  women,  shown  in  Table  XIX. 
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TABLE  XIX.  ANTHROPOMETRIC  DATA  FOR  COMMON  WORKING  POSITIONS 


1.  WEIGHT  -  CLOTHED  (KILOGRAMS) 

2.  STATURE -CLOTHED 

3.  FUNCTIONAL  REACH 

4.  FUNCTIONAL  REACH,  EXTENDED 

5.  OVERHEAD  REACH  HEIGHT 

6.  OVERHEAD  REACH  BREADTH 

7.  BENT  TORSO  HEIGHT 

8.  BENT  TORSO  BREADTH 

B.  OVERHEAD  REACH,  SITTING 

10.  functional  LEG  LENGTH 

11.  KNEELING  HEIGHT 

12.  KNEELING  LEG  LENGTH 

13.  BENT  KNEE  HEIGHT,  SUPINE 

14.  HORIZONTAL  LENGTH.  KNEES  BENT 


1.  WEIGHT  -  CLOTHED  (FOUNDS) 

2.  STATURE -CLOTHED 

3.  FUNCTIONAL  REACH 

4.  FUNCTIONAL  REACH,  EXTENTOO 
fi.  OVERHEAD  REACH  HEIGHT 

5.  OVERHEAD  REACH  BREADTH 
7.  BENT  TORSO  HEIGHT 

S.  BENT  TORSO  BREADTH 
S.  OVERHEAD  REACH.  SimNQ 

10.  FUNCTIONAL  LEG  LENGTH 

11.  KNEELING  HEIGHT 

12.  KNEELING  LEG  LENGTH 

13.  BENT  KNEE  HEIGHT.  SUPINE 

14.  HORIZONTAL  LENGTH,  KNEES  BENT 


PERCENTILE  VALUES  IN  CENTIMETERS 

1  nth  PERCENTILE 

85(h  PERCENTILE  j 

MEN 

{  WOMEN 

MEN 

WOMEN 

58.6 

48.8 

902 

74.6 

168.S 

156B 

189.0 

176.7 

72.6 

64.0 

86.4 

762 

84.2 

73JI 

1012 

02.7 

200.4 

18S.3 

2302 

215.1 

3SJ 

31.5 

41.9 

372 

125.8 

112.7 

1482 

1382 

40.0 

36i 

482 

432 

127A 

117.4 

1482 

1384 

110.6 

•8.6 

127.7 

118.6 

121.0 

114.6 

136.9 

1302 

83.9 

59.2 

752 

702 

44.7 

412 

632 

40.6 

150J 

1402 

1732 

1632 

PERCENTILE  VALUES  IN  INCHES 

128.1 

107.8 

185.8 

1642 

•1J 

74.4 

702 

WiiM 

2S2 

342 

31.1 

33.2 

282 

382 

362 

7tJ 

732 

802 

84.7 

13J 

124 

182 

142 

48.4 

444 

682 

642 

16.1 

142 

102 

17.1 

60J 

482 

672 

642 

43JI 

382 

502 

46.7 

48JI 

45.1 

632 

61.3 

2B.2 

232 

20.7 

272 

17.8 

182 

21.1 

102 

60.4 

652 

68.1 

642 

•Sm  F(|MM2Sfar  llluMraihMKHMMah 
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0  WEIGHT  (CLOTHED) 
WEARING  FATIGUES  ft 
COMBAT  BOOTS;  STANDINO 
IN  CENTER  OF  SCALE 


2)  STATURE  (CLOTHED) 

STANDING  ERECT;  HEELS 
TOGETHER;  WEIGHT  DIS¬ 
TRIBUTED  EOUALLY  ON  BOTH 
FEET.  MEASURED  FROM  STANDING 
SURFACE  TO  TOF  OF  HEAD. 


0  FUNCTIONAL  REACH  STANDING 
SRECT:  LOOKING  STRAIQMT 
AHEAD;  BOTH  SHOULDERS  AGAINST 
WALL;  RIGHT  ARM  HORIZONTAL 
MEASURED  FROM  WALL  TO  TIF  OP 
INDEX  FINGER 


0  FUNCTIONAL  REACH.  EXTENDED- 

STANOING  ERECT:  LOOKING  STRAIGHT 
AHEAD;  RIGHT  MfOULOER  EXTENDED 
AS  FAR  FORWARD  AS  FOBSIBU  WHIU 
BACK  OF  LEFT  SHOULDER  FIRMLY 
AGAINST  WALL  ARM  HORIZONTAL. 
MEASURED  FROM  WAU  TO  TIF  OF 
INDEX  FINGER. 


FIGURE  29.  ANTHROPOMETRIC  DATA  FOR  WORKSPACES 
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OVERHEAD  REACH  HEIGHT  -  0 

STANDING  WITH  HEELS  23  stn 
APART  AND  TOES  IS  cm  PROM 
WALL:  ARMS  EXTENDED  OVER¬ 
HEAD  WITH  PISTS  TOUCHING 
AND  AGAINST  WALL;  1«t 
PHALANGES  HORIZONTAL. 

MEAtURSO  PROM  PLOOR  TO 
HIQNEST  PONT  ON  1ft  PfIALANGfiS 


STANDING  WITH  PEET  APART; 

•ENOINO  OVER  AND  PLAOIKI  PALMS  OP 
THE  HANDS  ON  KNEECAPS;  tLlOWS  AND 
KNEES  LOCKED;  LOOKING  FORWARD; 

HEAD  TILTED  AS  PAR  BACK  AS  POBSIIILE. 
MEASURED  PROM  PLOOR  TO  TOP  OP  HEAD. 


OVERHEAD  REACH  BREADTH  - 
STANDING  WITH  HEELS  23  cm  APART 
AND  TOCS  16  cm  FROM  WALL;  ARMS 
EXTENDED  OVERHEAD  WITH  FISTS 
TOUCHING  AND  AGAINST  WALL;  lit 
PHALANGES  HORIZONTAL.  MEASURED 
HORIZONTALLY  ACROSS  ARMS  OR 
SHOULDERS,  WHICHEVER  IS  WIDER. 


BENT  TOnSO  BREADTH  •> 

ITANDlMa  WITH  PEET  30  m  APART; 
BENDING  OVER  AND  PLACING  THE  PALMS 
OP  THE  HANDS  ON  KNEECAPS:  ELBOWS 
AND  KNEES  LOCKED;  LOOKING  FORWARD; 
HEAD  TILTED  AS  PAR  BACK  AS  POSSIBLE. 
MEASURED  AS  MAXIMUM  HORIZONTAL 
DISTANCE  ACROSS  SHOULDERS. 


FIGURE  29.'  ANTHROPOMETRIC  DATA  FOR  WORKSPACES  (CONTINUED) 
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®  OVERHEAD  REACH.  ttlTINQ- 

SimNQ  ERECT:  RiaHTSlOE  AOAINST 
WALL:  RIOHT  ARM  EXTENDED  URWARD 
WITH  PAUM  PLAT  AGAINST  WALL  AND 
FINGERS  EXTENDED.  MEASURED  PROM 
SITTING  SURFACE  TO  TIF  OF  MIDDLE 
RNGER. 


UGHTLV  TOUCHINO  REAR  WAtL;  TORSO 
BRECTWITH  ARMS  HANGING  tOOESLV 
AT  SIOU.  MEASURED  FROM  FLOOR  TO 
TOFOFNEAO. 


^  FUNCTIONAL  LEG  LENGTH- 

StTTtNQ  ERECT  ON  EDGE  OF  CHAIR: 
RIGHT  LEO  EXTENDED  FORWARD 
WITH  KNEE  STRAIGHTENED. 
MEASURED  FROM  HEEL  ALONG 
AXIS  OF  UGTOFOBTERIOR 
WAIST. 


nSJ  KNEEUNQUOUNOTH- 
^  KNSEUNGWITHTOUEXTENDED 
AND  LIGHTLY  TOUCHINQ  REAR 
WALL;  TORSO  ERECT  WITH  ARMS 
HATIGING  LOOSELY  AT  SIDES. 
MEASURED  FROM  WALL  TO 
ANTERIOR  PORTION  OF  ROTH 
KNEES. 


FIGUni  29.  ANTHROPOMETRIC  DATA  P08  WORKSPACES  (CONTINUED) 
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®  UNTKNEf  HilQHT.SUnNf  • 

LVINQSUPtNSiKNEUIUItEOUimLANQU 
BETWEEN  UEEER  AND  LOWER  LEGS  ARPROX- 
IMATCt  BO*;  TOES  UOHTL  Y  TOUCHINQ  WALL. 
MEASURED  PROM  FLOOR  TO  HIGHEST  POINT 
ON  KNEES. 
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5.7.5  Standard  console  design. 

5. 7. 5.1  Dimensions.  For  purposes  of  standardization,  consoles  and  the  units 
and  racks  which  constitute  operator  work  stations  should  be  designed  to 
conform  with  the  dimensions  shown  In  Table  XX  and  Figure  30. 

5. 7. 5. 2  Configurations.  The  configurations  represented  in  Table  XX  and 
Figure  30  may  not  be  appl i cabl e  to  all  design  situations.  In  some  cases, 
however,  operational  requirements  may  necessitate  unique  design  solutions. 
Because  of  the  benefits  and  economies  inherent  in  a  standard  console,  design 
should  conform  with  the  standard  configurations. 

5. 7. 5. 3  Variables.  The  selected  console  design  should  accommodate  the 
following  requirements,  as  applicable; 

a.  Visibility  over  the  top  of  the  console. 

\ 

b.  Operator  mobility  (e.g.,  “sit",  "stand",  or  "sit-stand"  requirements), 

c.  Panel  space.  (Note  columns  "B"  and  "E",  Table  XX) 

d.  Volume  In  the  area  below  the  writing  surface. 

5. 7. 5. 4  Console  selection.  On  the  basis  of  the  considerations  in  5. 7. 5, 3, 
the  particular  configuration  that  will  best  meet  the  requirements  should  be 
selected  from  among  the  five  console  types  represented  in  Table  XX. 

5.7.6  Special-purpose  console  design. 

5. 7. 6.1  Horizontal  wrap-around.  (Figure  31) 

5. 7. 6. 1.1  Panel  width.  When  requirements  for  preferred  panel  space  for  a 
single  seated  operator  exceed  a  panel  width  of  I.I20  m  (44  inches), 

a  flat-surface,  segmented,  wrap-around  console  should  be  provided,  so  as  to 
place  all  controls  withif^  the  reach  of  the  5th  percentile  stationary  operator. 

6-7. 6. 1.2  Panel  angle.  The  left  and  right  segments  should  be  placed  at  an 
angle,  measured  from  tHe  frontal  plane  of  the  central  segment,  such  that  they 
can  be  reached  by  the  5th  percentile  stationary  operator. 

5. 7. 6. 1.3  Oi^nsions  (vision  over  top).  Where  vision  over  the  top  is 
required  ( thereby  t imft ing  vert i cal  panel  space),  the  width  of  the  central 
segment  shall  not  exceed  1.120  m  (44  Inches),  and  that  of  the  left  and  right 
segments  shall  not  exceed  610  mm  (24  inches). 

5. 7. 6. 1.4  Dimensions.  Where  vision  over  the  vop^  is  not  required,  i.e,,  the 
total  console  height  may  exceed  the  seat  height  by  more  than  685  mn 

(27  inches),  the  width  of  the  central  segment  shall  not  exceed  860  mm 

(34  inches),  and  that  of  the  left  and  right  segments  should  not  exceed  610  mm 

(24  inches). 
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5/7. 6. 1.5  Viewing  angle.  The  total  required  left-to-right  viewing  angle 
shall  not  exceeci  1%  degrees  {see  Figure  2),  This  angle  should  be  reduced 
whenever  possible  through  appropriate  control -display  layout. 

5. 7. 6. 2  Vertical /stacked  segments.  (See  Figure  32  for  example.) 

5. 7. 6. 2.1  Panel  division.  Where  direct  forward  vision  over  the  top  of  the 
console  is  not  required  by  a  seated  operator,  and  when  lateral  space  is 
limited,  the  panel  shall  be  divided  into  three  vertical/stacked  segments  whose 
surfaces  should  be  perpendicular  to  the  operator's  line  of  sight  with  little 
or  no  head  movement. 

5. 7. 6. 2. 2  Height.  The  center  of  the  central  segment  should  be  800  mm 
(31.5  inches)  above  the  seat  reference  point.  The  height  of  this  segment 
shall  not  exceed  530  mm  (21  inches). 

5. 7. 6. 3  Sit-stand  consoles.  Where  personnel  will  work  from  standing  or 
seated  positions,  console  dimensions  should  conform  to  those  of  Table  XX. 

5.7.7  Stairs.  stair-»l adders,  fixed  ladders,  and  ramps. 

5. 7. 7.1  General  criteria. 

5. 7. 7. 1.1  Selection.  The  selection  of  stairs,  stair-ladders,  fixed 
ladders,  or  ramps  for specific  applications  shall  be  based  on  the  angle  of 
ascent  required  and  the  criteria  in  Figure  33, 

5. 7. 7. 1.2  Provision  for  hand-carrying  equipment.  Ramps,  elevators,  or 
equivalent  means  shouTci  be  provided  when  equipment  must  be  hand  carried. 
Ladders  shall  not  be  selected  in  such  cases,  since  both  hands  should  be  free 
to  grasp  the  ladder.  Stairs  and  steps  should  not  be  used  where  hand-carrying 
bulky  loads  or  loads  in  excess  of  13  kg  (29  lbs)  is  required. 

5. 7. 7. 1.3  Handrails  and  guardrails.  Stairs,  stair-ladders,  fixed  ladders, 
and  ramps  should  be  equipped  with  a  handrail  on  each  side.  Where  one  or  both 
sides  are  open,  appropriate  intermediate  guardrails  shall  be  provided  to 
prevent  personnel  injury,  Non-fixed  vehicular-boarding  ladders  are  neither 
stair  ladders  nor  fixed  ladders  and  are  exempt  from  this  requirement. 

Ladders  shall  not  be  selected  in  such  cases,  since  both  hands  should  be  free 
to  grasp  the  ladder.  Stairs  and  steps  should  not  be  used  where  hand-carrying 
bulky  loads  or  loads  in  excess  of  13  kg  (29  lbs)  Is  required. 

Stairs.  Stair  dimensions  should  conform  with  the  recommended  ; 
values  and  shall  be  within  the  minimum  and  maximum  limits  of  Figure  34. 

5. 7. 7. 3  Stair  ladders.  Stair  ladder  dimensions  should  conform  with  the 
recommended  values  and  shall  be  within  the  specified  minimum  and  maximum 
limits  of  Figure  35.  The  tread  rise  shall  be  open  at  the  rear.  Landings 
should  be  provided  every  tenth  or  twelfth  tread.  The  surface  of  treads  on 
exterior  stair  ladders  should  be  constructed  of  open  grating  material  or 
should  be  treated  with  nonskid  material  conforming  with  specification 
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FIGURE  31.  EXAMPLE  OF  HORIZONTAL  WRAP-AROUND  CONSOLE 

t 


FIGURE  32.  EXAMPLE  OF  VERTICAL/STACKEO  SEGMENTS 
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MIL-W-5044  applied  in  accordance  with  specification  MIL-W-5050.  Stair  ladders 
shall  be  of  metal  construction.  Handrails  shall  have  nonslip  surfaces. 

5. 7. 7. 4  Fixed  ladders.  Fixed  ladder  dimensions  should  conform  with  the 
recommended  values  and  shall  be  within  the  specified  minimum  and  maximum 
limits  of  Figure  36.  Fixed  ladders  which  are  used  to  provide  access  to 
multiple  levels  should  be  offset  at  each  successive  level.  Guardrails  should 
be  provided  around  the  opening  at  the  top  of  each  fixed  ladder.  All  fixed 
ladders  more  than  6  m  (20  ft)  high  shall  be  equipped  with,  or  include 
provision  for,  a  safety  device  to  provide  positive  protection  from  falls. 

5.7. 7. 5  Ramps « 

5. 7. 7. 5.1  Cl  eating.  Where  special  environmental  conditions  require 

cl  eating  of  pedestrian  ramps,  the  cleats  should  be  spaced  360  mm  (14  in)  apart 
and  extend  from  handrail  to  handrail  at  right  angles  to  the  line  of  traffic. 

5. 7. 7. 5. 2  Mixed  traffic.  When  a  ramp  is  required  for  both  pedestrian  and 
vehicle  traffic,  the  vehicle  bearing  surface  should  be  located  in  the  center 
of  the  ramp,  with  the  pedestrian  surface  next  to  the  handrails.  (A  vehicle 
ramp  with  an  adjacent  pedestrian  stairway  is  preferred  for  this  situation.) 

5. 7. 7. 6  Personnel  platforms  and  work  areas.  The  surfaces  of  exterior 
personnel  platforms  and  work'  areas  shaTV  te  constructed  of  open  metal  grating. 
Exterior  personnel  platforms,  for  which  utilization  of  open  grating  is 
impractical,  and  interior  walkways  shall  be  treated  with  nonskid  material 
conforming  to  specification  HIL«-W-5044,  applied  in  accordance  with 
specification  HIL-W-5050,  All  open  sides  of  personnel  platforms  shall  be 
equipped  with  guardrails  (with  intermediate  rails),  with  a  top  rail  height  not 
less  than  1,070  m  (42  inches)  and  a  toeboard  or  guard  screen  height  not  less 
than  75  mm  (3  inches).  Hand  holds  shall  be  furnished  where  needed.  The 
distance  between  the  platform  edge  and  the  centerline  of  the  railing  should 
not  exceed  65  ram  (2.5  inches). 

5. 7. 7. 7  Elevators,  inclinators,  and  hydraulic-operated  work  platforms. 

Where  these  items  are  required  rthe  ^oTlwfng  shafV  be  provided  : 

a.  Maximum  load  signs,  located  where  they  can  be  easily  seen. 

b.  Guards,  to  prevent  accidental  operation  of  the  lift. 

c.  Limit  stops,  to  prevent  injury  to  personnel  and  damage  to  equipment. 

d.  An  automatic  failsafe  brake  or  other  self-locking  device  in  case  of 
lift  mechanism  failure. 

e.  Provision  for  raanu.illy  lowering  the  platform  or  elevator  when 
feasible. 

f.  Surface  construction  or  treatment  of  open  platforms,  in  accordance 
with  5. 7. 7.6. 
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FIGURE  35.  STAIR-LADDER  DIMENSIONS 
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5.7.8  Ingress  and  egress. 

5. 7. 8.1  Doors.  Sliding  doors  shall  never  be  installed  as  the  only 
personnel  exit  from  a  compartment.  When  a  sliding  door  is  used,  a  separate 
hinged  door  in  the  sliding  door  should  be  provided  for  personnel  use.  Fixed 
equipment  shall  be  at  least  75  mm  (3  inches)  from  the  swept  area  of  hinged 
doors. 


5. 7. 8. 2  Hatches. 

5. 7. 8. 2.1  Configuration^  Wall  hatches  shall  be  flush  with  the  floor  where 
structural  considerations  will  permit  this  arrangement.  Hatches  shall  open 
with  a  single  motion  of  the  hand  or  foot. 

5. 7. 8. 2. 2  Force  requirements.  When  a  handle  is  used  for  unlocking  a  hatch, 
the  unlocking  force  required  shall  not  exceed  90  N  (20  pounds).  Hatches 
placed  in  the  overhead  position  shall  require  no  more  than  220  N  (50  lb)  force 
for  opening  and  closing  and  shall  be. operable  by  a  suitably  equipped  and 
clothed  user  with  5th  percentile  arm  and  hand  strength.  The  force  of  gravity 
should  be  used,  where  possible,  for  ease  of  opening.  Additional  requirements 
for  hatch  handwheels  are  given  in  5. 4. 2. 2. 5  and  Table  IX. 

5. 7. 8. 2. 3  Dimensions.  Hatches  shall  accommodate  suitably  equipped  and 
clothed  user  personnel  in  terms  of  limiting  dimensions  (see  5. 6. 3. 3)  for 
location  and  operability,  and  clearance  dimensions  (see  5. 6. 3. 2)  for  size  and 
passage  factors.  Where  personnel  must  carry  equipment  through  the  hatch, 
allowance  shall  be  made  for  clearance  of  suitably  clothed  95th  percentile 
hands  and/or  arms,  as  applicable.  Where  possible,  hatch  dimensions  shall 
conform  to  the  requirements  of  5. 7. 8. 3. 

5. 7. 8. 3  Whole-body  access.  Dimensions  for  rectangular  access  openings  for 
body  pa s sage  shaVT  not "be "Ves s  than  those  dimensions  shown  in  Figure  37. 
Minimum  diameter  for  circular  hatches  shall  be  760  mm  (30  in).  Diameters  of 
oval  hatches  in  armored  vehicles  shall  not  be  less  than  430  and  710  mm  (17  and 
28  inches).  Where  rescue  of  personnel  may  be  required  because  of 
environmental  hazards  (e.g,,  toxic  fumes)  within  the  work  place,  larger  access 
openings  for  two-person  ingress  and  egress  may  be  necessary.  Where  “step 
down“  through  a  top  access  exceeds  690  mm  (27  in),  appropriate  foot  rests  or 
steps  shall  be  provided. 

5,7.9  Surface  colors 


5. 7. 9.1  Army.  Surface  colors  shall  conform  to  HIL-STO-1473  unless 
specified  by’tne  procuring  activity. 

5. 7. 9. 2  Navy.  Surface  colors  shall  be  as  specified  by  the  procuring 
activity. 


5, 7. 9. 3  Air  Force.  Surface  colors  shall  be  selected  from  FED-STO-595  as 
follows : 
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a.  Console,  rack  and  cabinet  exteriors  24300  Green 

b.  Panels  26492  Gray 

c.  Non-critical  functional  grouping  pads  26622  Gray 

d.  Emergency/critical  grouping  pads  21136  Red 

e.  Interior  walls,  and  ceilings  27875  White 

f.  Interiors  of  uninhabited  compartments  26622  Gray 

where  maintenance  is  performed 

g.  Standard  commercial  equipment  (if,  Existing  Color 

however,  such  equipment  becomes  an 

integral  part  of  an  assembly,  the  color 
must  be  identical  to  or  compatible  with 
that  of  the  assembly) 

h.  Anodized  or  conductive  surface  Not  Painted 

i.  Lettering  colors: 


Background  Color 

Lettering  Color 

24300  Green 

17875  White 

26492  Gray 

17038  Black 

27875  White 

17038  Black 

26231  Gray 

17875  White 

21136  Red 

17875  White 

Anodized  or  non>pBinted 

17033  Black  or 
17875  White, 
whichever  provides 
the  best  contrast 

Commercial  equipment 

Contrasting  Color 
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5.8  Environment. 


5.8.1  Heating,  ventilating,  and  air  conditioning. 

5. 8. 1.1  Heating.  Heating  shall  be  provided  within  mobile  personnel 
enclosures  utilized  for  detail  work  or  occupied  during  extended  periods  of 
time  to  maintain  interior  dry  bulb  temperature  above  10*C  (50*F).  Within 
permanent  and  semi -permanent  facilities,  provisions  shall  he  made  to  maintain 
an  effective  temperature  (E.T.)  or  corrected  effective  temperature  (C.E.T.) 
not  less  than  18®C  (65®F)  (see  Figure  38),  unless  dictated  otherwise  by 
workload  or  extremely  heavy  clothing.  (See  5,12.6.1  for  vehicle  heating 
provisions.)  Heating  systems  shall  be  designed  such  that  hot  air  discharge  is 
not  directed  on  personnel, 

5. 8. 1.2  Ventilating.  Adequate  ventilation  shall  be  assured  by  introducing 
fresh  air  into  any  personnel  enclosure.  If  the  enclosure  volume  is  4,25  m3 
(150  ft3)  or  less  per  person,  a  minimum  of  0.85  m3  (30  ft3)  of  ventilation  air 
per  minute  shall  be  Introduced  into  the  enclosure;  approximately  two-thirds 
should  be  outdoor  air.  For  larger  enclosures,  the  air  supply  per  person  may 
be  in  accordance  with  the  curves  in  Figure  39,  Air  shall  be  moved  past 
personnel  at  a  velocity  not  more  than  60  m  (200  ft)  per  minute.  Where  manuals 
or  loose  papers  are  used,  airspeed  past  these  items  shall  be  not  more  than 

30  ra  (100  ft)  per  minute— 20  m  (65  ft)  per  minute  if  possible,  to  preclude 
pages  in  manuals  from  being  turned  by  the  air  or  papers  from  being  blown  off 
work  surfaces.  Under  NBC  conditions,  ventilation  requirements  shall  be 
modified  as  required.  Ventilation  or  other  protective  measures  shall  be 
provided  to  keep  gases,  vapors,  dust,  and  fumes  within  the  Permissible 
Exposure  limits  specified  by  29  CFR  1910  and  the  limits  specified  in  the 
American  Conference  of  Governmental  Industrial  Hygienists  Threshold  Limit 
Values.  Intakes  for  ventilation  systems  shall  be  located  to  minimize  the 
introduction  of  contaminated  air  from  such  sources  as  exhaust  pipes.  (See 
5.12*6.2  for  vehicle  ventilation  provisions.) 

6. 8. 1.3  Air  conditioning.  The  effective  temperature  or  CET  within 
personnel  enc I os ures  ut {1 i zed  for  detail  work  during  extended  periods  shall  be 
maintained  at  or  below  29.5*C  (8S*F)  (see  Figure  38).  Air  conditioning 
systems  shall  be  designed  such  that  cold-air  discharge  is  not  directed  on 
personnel . 

5. 8. 1.4  Humidity.  Approximately  45X  relative  humidity  should  be  provided 
at  21 ”0  (70*P),  This  value  should  decrease  with  rising  temperatures,  but 
should  remain  above  15  percent  to  prevent  Irritation  and  drying  of  body 
tissues,  e.g.,  eyes,  skin,  and  respiratory  tract  (see  Figure  40). 

5. 8. 1.5  T<mT)perature  uniformity.  The  temperature  of  the  air  at  floor  level 
and  at  head  level  slioul d  not'  mr  by  more  than  5.5®C  (10®F), 

5. 8. 1.6  Personal  equipment  thermal  control.  When  special  protective 
clothing  or  personal  equiptaent,  including  f^ull  and  partial  pressure  suits. 
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FIGURE  3t.  EFFECTIVE  TEMPERATURE  (E.T.l^ CORRECTED  EFFECTIVE  TEMPERATURE  (C.E.T) 
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fuel  handler  suits,  body  arawr,  arctic  clothing  and  temperature  regulated 
clothing  are  required  and  worn,  a  comfort  mlcro-cltraate  between  20®C  (68®F), 

14  ram  Hg  ambient  water  vapor  pressure  and  36*C  (95*'’^),  3  mm  Hg  ambient  water 
vapor  pressure  Is  desirable  and,  where  possible,  shall  be  ouintalned  by  heat 
transfer  systems, 

5.8. 1.7  Thermal  tolerance  and  comfort  tones.  Temperature  and  humidity 
exposure  shouTd  hot  exceed  the  eyfeciive  temperature  limits  given  In  Figure  40 
when  corrected  for  air  velocity  (Figure  39). 

5. 8. 1.8  Limited  thertnal  tolerance  tones.  Where  hard  physical  work  Is  to  be 
required  for ' tw^re  an  erivi ronment  not  exceeding  a  WB6T  or  UD 
Index  of  25*C  {77*’F)  shall  be  provided.  Where  the  wearing  of  protective 
clothing  systems  (which  reduce  evaporation  of  sweat  from  the  skin)  Is 
required,  this  index  shall  be  decreased  5*C  (10*F)  for  complete  chemical 
protective  uniforms,  4®C  (7*F)  for  intermediate  clothing  systems,  and  3*C 
(5*F)  for  body  armor. 

n luminance.  Where  equipment  Is  to  be  used  in  enclosures  and  is  not 
subject  to  fafacltoui  or  special  low-level  lighting  requirements,  illumination 
levels  shall  be  as  specified  by  Table  XXI  and  shall  be  distributed  so  as  to 
reduce  glare  and  specular  reflection.  Capability  for  dimming  shall  be 
provided.  Adequate  Illumination  shall  be  provided  for  maintenance  tasks. 
General  and  supplementary  lighting  shall  be  used  as  appropriate  to  Insure  that 
illumination  is  compatible  with  each  task  situation.  Portable  lights  should 
be  provided  for  personnel  performing  visual  tasks  in  areas  where  fixed 
Illumination  Is  not  provided.  For  display  lighting,  see  Table  XXII. 
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FIGURE  40.  SUMMER  AND  WINTER  COMFORT  ZONES  AND 

THERMAL  TOLERANCE  FOR  INHABITED  COMPARTMENTS 
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TABLE  XXI.  SPECIFIC  TASK  ILLUMINATION  REQUIREMENTS 


ILLUMINATIC 

WORK  AREA  OR  TYPE  OF  TASK 

?N.  LEVELS 

LUX*  (1 
RECOMMENDED 

MINIMUM 

Assembly,  missile  component 

1075  (100) 

540  (50) 

Assembly,  general 

coarse 

540  (SO) 

325  (30) 

medium 

810  (75) 

540  (50) 

fine 

1075  (100) 

810  (75) 

precise 

3230  (300) 

2155  (200) 

Bench  work 

rough 

540  (50) 

325  (30) 

meduirn 

810  (75) 

540  (50)  i 

fine 

1615  (ISO) 

1075(100) 

extra  fine 

i 

3230  (300) 

2155  (200) 

Bomb  shelters  and  mobile  shelters, 

20  (2) 

10(1) 

when  used  for  rest  and  relief 

Busii^ess  machine  operation  (calculator,  digital. 

input,  etc.)  1075  (100) 

540  (SO) 

Console  surface 

540  (50) 

325  (30) 

Corridors 

215  (20) 

110  (10) 

Circuit  diagram 

1075  (100) 

540  (SO) 

Dials 

540  (50) 

325  (30) 

Electrioal  equipthont  testing 

540  (SO) 

325  (30) 

Emergency  lighting 

NA 

30(3) 

Gages 

540  (SO) 

325  (30) 

Hallways 

215(20) 

110  (10) 

’As  measured  at  the  task  objec*  or  760  mm  (30  in.)  above  the  floor. 

(Continued) 
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TABLE  XXL  SPECIFIC  TASK  ILLUMINATION  REQUIREMENTS 

(CONTINUED) 


ILLUMINATION 

WORK  AREA  OR  TYPE  OF  TASK 

j.£ms 

LUX*  (FT-C) 

RECOMMENDED  MINIMUM 

1  Inspection  tasks,  general  I 

rough 

540  (50) 

325  (30) 

medium 

1075  (100) 

540  (50) 

fine 

2155  (200) 

1075  (100) 

extra  fine 

3230  (300) 

2155  (200) 

Machine  operation,  automatic 

540  (50) 

325  (30) 

Meters 

540  (50) 

325  (30) 

1  Mieeilee:  I 

repair  and  servicing 

1075  (100) 

540  (SO) 

storage  areas 

215(20) 

110  (10) 

general  inspection 

540  (50) 

325  (30) 

Office  work,  general 

755  (70) 

540  (60) 

Ordinary  seeing  tasks 

540  (SO) 

325  (30) 

1  Panels;  I 

front 

540  (50) 

325  (30) 

rear 

325  (30) 

110(10) 

Passageways 

215  (20) 

110(10) 

1  Reading:  I 

large  print 

326  (30) 

110(10) 

newsprint 

540  (SO) 

325  (30) 

handwritten  reports,  in  pencil 

755  (70) 

540  (SO) 

small  type 

755  (70) 

540  (SO) 

prolonged  reading 

756  (70) 

540  (50) 

Recording 

765  (70) 

540  (50) 

'As  measured  at  the  task  Qb|eol  or  760  mm  (30  in.)  above  the  floor, 

(Continued) 
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TABLE  XXI.  SPECIFIC  TASK  ILLUMINATION  REQUIREMENTS 

(CONCLUDED) 


lLLUMiNA.TJ.Q,N.. 

WORK  AREA  OR  TYPE  OF  TASK 

JLEXELS 

RECOMMENDED  MINIMUM 

1  Repair  work:  I 

general 

S40  (50) 

325  (30) 

instrument 

2155  (200) 

1075  (100) 

Scales 

540  (SO) 

325  (30) 

Screw  fastening 

540  (50) 

325  (30) 

Sen/ice  areas,  general 

215  (20) 

110  (10) 

Stairways 

215  (20) 

110(10) 

1  Storage:  I 

Inactive  or  dead 

55  (5) 

30  (3) 

general  warehouse 

110(10) 

55  (5) 

live,  rough  or  bulk 

110  (10) 

55  (5) 

live,  medium 

325  (30) 

215  (20) 

live,  fine 

540  (50) 

325  (30) 

Switchboards 

540  (50) 

325  (30) 

Tanks,  containers 

215(20) 

110(10) 

1  Testing;  I 

rough 

540  (50) 

325  (30) 

fine 

1075  (100) 

540  (SO) 

extra  fine 

2155  (200) 

1076  (100) 

Transcribing  and  tabulation 

1075  (100) 

540  (50) 

Note:  Some  unusual  inspection  tasks  may  require  up  to  10,000  lux  (1,000  ft-C) 

Note:  As  a  guide  in  determining  illumination  requirements  the  use  of  a  steel  scale 
with  1/64  inch  divisions  requires  1950  lux  (180  ft-C)  of  light  (or 

optimum  visibiity. 

*A6  measured  at  the  task  object  or  763  mm  (30  in.)  above  the  floor. 
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TABLE  XXII.  RECOMMENDATIONS  FOR  DISPLAY  LIGHTING 


CONDITION 

OP  USE 

LIGHTING 
TECHNIQUE  * 

BRIGHTNESS 

OP  MARKINGS 
ed/m^  (Pt-U 

BRIGHTNESS 

ADJUSTMENT 

tndle«t«r  reedinf, 
dork  odoptotion 
noeoosory' 

Rod  flood,  Indiroot, 
or  both,  with  opor* 
otor  choice 

04)7-036 

104)2-0.1)' 

■ 

Continwouo  through* 
out  rongo 

Indl  color  roodtng, 
dork  odoptotion 
not  noeosMry  but 
dosirobio 

Rod  or  low>coior> 
tomporotwro  vrhito 
flood,  Indirect,  or 
both,  with  oporotor 
choice 

0.07-aj 

(04)2-14)) 

/ 

Continueua  through* 
out  range 

Indicator  rooding, 
dork  odoptotion 
not  nocossory 

White  flood 

34-70 

(1-201 

Pinod  or  continuous 

Panel  monitoring, 

dork  odoptotion 
noeoosoiy 

Rod  odfo  lighting, 
rod  or  white  flood, 
or  both,  with  opor> 
otor  choice 

0.07-3J 

(OJOa-LO) 

Continwouo  through* 

out  rongo 

Ponol  monitoring, 
dork  odoptotion 
not  nocoooory 

White  flood 

38-70 

;  (10-20)  t 

Pined  or  continueua 

Posoiblo  OMpocuro 
to  bright  floshoi, 
roitrictod  doylight 

White  flood 

38-70 
'  (10-20) 

Pinad 

Ckort  rooding, 
dork  odoptotion 
noeoscory 

Rod  or  white  flood 
with  oporotor 
choice 

048-340 

(0.1-1.0) 

out  range 

Chort  reading, 
dork  odoptotion 
not  noooooory 

White  flood 

17-70 

(6-20) 

Pinad  or  continueua 

*\iVh«r«  dttfctlon  of  ground  iMhid«  or  other  protected  eiiett  by  Imege  intentifier  night  vliion  devices 
mutt  be  mtnIminA  bhiO'giMn  light  (Inoewdeeoent  fNamem  through  a  filter  which  pamas  only  wave* 
lengths  shorter  then  600  mm)  #iould  be  used  In  lieu  of  rod  light 
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5.8.3  Acoustical  noise 


5. 8. 3.1  General .  Personnel  shall  be  provided  an  acoustical  environment 

which  will  not  cause  personnel  injury,  interfere  with  voice  or  any  other 

communications,  cause  fatigue,  or  in  any  other  way  degrade  overall  system 
effectiveness.  The  fact  that  a  component  which  contributes  to  the  overall 
noise  may  be  government  furnished  equipment  shall  not  eliminate  the 
requirement  that  the  total  system  conform  to  the  criteria  herein. 

5. 8. 3. 2  Hazardous  noise.  Equipment  shall  not  generate  noise  in  excess  of 

maximum  allowable  levels  prescribed  by  MIL-A-8806,  MIL-S-008806,  MIL-STD-740-1 , 
MIL-STD-1294.  MIL-STD-1474,  Chapter  18  of  OPNAVINST  5100. 23B  or  APR  161-35,  as 
applicable. 


5.8. 3. 3  Non-hazardous  noise.  Workspace  noise  shall  be  reduced  to  levels 
that  permit  necessary  direct  (person-to-person)  and  telephone  communication 
and  establish  an  acceptable  acoustical  work  enviromment.  Criteria  for 
workspaces  are  defined  by  either  the  A-weighted  sound  level  (dB(A))  or  the 
speech  interference  level  (SIL)  and  are  given  in  5. 8. 3. 3.1  through  5. 8. 3. 3. 6. 
The  A-weighted  sound  level  is  the  desired  requirement.  Where  it  is  not 
possible  to  meet  the  specified  A-weighted  sound  level,  the  corresponding  SIL 
requirement  shall  be  met.  Figure  41  provides  guidance  on  the  relationship 
between  required  vocal-effort,  speaker-to-listener  distance  and  noise  level. 
Procedures  for  determining  speech  intelligibility  are  provided  in  5,3.12. 

5. 8. 3. 3.1  General  workspaces.  Areas  requiring  occasional  telephone  use  or 
occasional  direct  communication  at  distances  up  to  1,5  m  (5  ft)  shall  not 
exceed  75  dB(A)  SIL.  (Examples:  maintenance  shops  and  shelters,  garages, 
keypunch  areas,  shipboard  engineering  areas.) 

5. 8. 3. 3. 2  Operational  areas.  Areas  requiring  frequent  telephone  use  or 
occasional  direct  communication  at  distances  up  to  1,520  m  (5  ft)  shall  not 
exceed  65  dB(A)  SIL,  (Examples:  operation  centers,  mobile  command  and 
communication  shelters,  combat  information  centers,  word  processing  centers.) 

5. 8. 3. 3. 3  Large  workspaces.  Areas  requiring  no  difficulty  with  telephone 
use  or  requiring  occasional  direct  communication  at  distances  up  to  4.570  m 
(15  ft)  shall  not  exceed  55  dB(A)  SIL.  (Examples:  drafting  rooms,  shop 
offices,  laboratories.) 

5. 8. 3. 3. 4  Small  off Ue  spaces/special  areas.  Areas  requiring  no  difficulty 
with  direct  communicat'ion  shall  not  exceed  45  dB(A)  SIL.  (Examples: 
conference  rooms,  libraries,  offices,  command  and  control  centers.) 

5. 8. 3. 3. 5  Extreme  quiet  areas.  Areas  requiring  extreme  quiet  shall  not 
exceed  35  dB(A)  SIL.  (Example:  recording  studios.) 

5. 8. 3. 3. 6  Shipboard  areas.  Shipboard  areas  requiring  a  specified  speech 
communication  environment  shall  not  exceed  5  dB  above  the  levels  of  5. 8. 3. 3.1 
to  5. 8. 3. 3. 5,  as  applicable.  Levels  for  spaces  and  categories  not  covered  in 


175 


MIL-ST0-1472D 


M 

I 

> 


I 

ut 


ft 


a 


i 

tb 

u. 

5 


(M)  aSNViSIQ 

MSNiLin  01  umvarfi 


176 


RQURE  41 .  PERMISSIBLE  DISTANCE  BETWEEN  A  SPEAKER  AND  LISTENERS  FOR  SPECIFIED 
VOICE  LEVELS  AND  AMBIENT  NOISE  LEVELS.  (THE  LEVELS  IN  PARENTHESES 
REFER  TO  VOICE  LEVELS  MEASURED  ONE  METER  FROM  THE  MOUTH.) 
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these  paragraphs  shall  be  as  given  in  the  detailed  shipbuilding  specification. 
(Examples:  sonar  control  rooms,  ward  rooms).  Equipment  noise  acceptance 
criteria  to  achieve  specified  space  levels  shall  conform  to  MIL- STD-740-1. 

5. 8. 3. 4  Facility  design. 

5. 8. 3. 4.1  General  provision.  In  the  design  of  a  workspace  or  facility,  the 
ambient  noise  level  snail  be  controlled  to  the  extent  feasible  through 
effective  sound  reduction  or  attenuatien  to  meet  the  criteria  herein. 

5. 8. 3. 4. 2  Attenuation  by  materials  and  layout.  Acoustic  materials  with 
high  sound-absorption  coefficients  should  be  provided  as  necessary  in  the 
construction  of  floors,  walls,  and  celling  to  effect  the  required  sound 
control.  In  the  physical  design  and  layout  of  rooms  and  work  stations, 
excessive  noise  should  be  attenuated  by  such  means  as  staggered  construction 
of  walls,  staggering  of  doors  In  corridors  or  between  rooms,  and  use  of 
thick-paned  or  double-paned  windows. 

5. 8. 3. 4.3  Reduction  of  reverberation  time.  Where  speech  communication  is 
a  consideration, "  the  acoustical  treatment  of  facilities  should  be  sufficient 
to  reduce  reverberation  time,  as  defined  by  ANSI  Sl.l,  to  the  applicable 
limits  of  Figure  42. 

5.8.4  Vibration. 

5.8. 4.1  Whole  body  vibration. 

5. 8. 4. 1.1  Vehicular  vibration.  Vehicles  for  use  on  land,  sea,  or  air 
should  be  des 1 gned  to  cont rol  the  transmission  of  whole  body  vibration  to 
levels  that  will  permit  safe  operation  and  maintenance  as  shown  in  Figure  43 
(see  ISO  2631),  In  the  case  of  multidirectional  vibration,  each  direction 
should  be  evaluated  independently  with  respect  to  the  limits  presented. 

5. 8. 4. 1.1.1  Safety  level.  In  order  to  protect  human  health,  whole  body 
vibration  shoul <J  not  exceed  twice  the  acceleration  values  shown  on  Figure  43 
for  the  time  and  frequencies  indicated. 

5. 8. 4. 1.1. 2  Proficiency  level.  Where  proficiency  is  required  for 
operational  and  ma 1 ntenance  tasks,  whole  body  vibration  should  not  exceed  the 
acceleration  values  shown  on  Figure  43  for  the  time  and  frequencies  indicated. 

5. 8. 4. 1.1. 3  Comfort  level .  Where  comfort  is  to  be  maintained,  the 
acceleration  vaTues  shown  on  Figure  43  should  be  divided  by  3.15. 

5. 8. 4. 1.1. 4  Motion  sickness.  In  order  to  prevent  motion  sickness,  very  low 
frequency  vi bra tToh  shoul d  not  exceed  the  limits  of  Figure  44, 

5. 8. 4. 1,2  Building  vibrations.  Buildings  Intended  for  occupation  by  humans 
should  be  designecl/located  to  control  the  transmission  of  whole  body  vibration 
levels  that  are  acceptable  to  the  occupants  as  specified  by  ISO  2631. 
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5. 8. 4. 2  Equipment  y1 brat ion.  Where  whole  body  vibrations  of  the  human 
operator  or  parts  of  the  body are  not  a  factor,  equipment  oscillations  should 
not  impair  human  performance  with  respect  to  control  manipulations  or  the 
readability  of  numerals  or  letters.  Equipment  vibrations  in  the  shaded  area 
of  the  upper  curve  of  Figure  43,  should  be  avoided. 
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5.9  Design  for  maintalner 

5.9.1  General. 
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5. 9. 1.1  Standardization.  Standard  parts  shall  be  used  whenever  practicable 
and  should  meet  the  human  engineering  criteria  herein. 

5. 9. 1.2  Special  tools.  Special  tools  shall  be  used  only  when  common  hand 
tools  cannot  be  uti^lzerf  or  when  they  provide  significant  advantage  over 
common  hand  tools.  Special  tools  required  for  operational  adjustment 
maintenance  should  be  securely  mounted  within  the  equipment  in  a  readily 
accessible  location. 

5. 9. 1.3  Modular  replacement.  Equipment  should  be  replaceable  as  modular 
packages  and  shalt  be  conf^-lgured  for  removal  and  replacement  by  one  person 
where  permitted  by  structural,  functional,  and  weight  limitations.  (See 
5.9.11.3.) 


5. 9. 1.4  Separate  adj ustabi 1 1 ty .  It  shall  be  possible  to  check  and  adjust 
each  item,  or  function  of  lih  TtOT,  individually. 

5. 9. 1.5  Malfunction  identification.  Equipment  design  shall  facilitate 

rapid  and  positIve'Tault  dieted  isolation  of  defective  items  to  permit 

their  prompt  removal  and  replacement. 

5 .9. 1.6  Assembly  and  disassembly.  Equipment  shall  be  capable  of  being 
assembled  and  'fllfsassad)1c^  "'Its  operational  environment  by  a  minimum  number 
of  trained  personnel  wearing  clothing  appropriate  to  the  operating  environment 
specified  for  the  system  maintenance  concept* 

5. 9. 1.7  Clothing  constraints.  Equipment  shall  be  capable  of  being  removed, 
replaced,  and  repairsd  by  personnel  wearing  personal  and  special  purpose 
clothing  and  equiimtent  appropriate  to  the  maintenance  concept,  including  NBC 
protective  clothing  in  an  NBC  contaminated  environment. 

5.9.1,b  Errorproof  design.  Provisions  to  preclude  improper  mounting  and 
installation" sTTan  'includeT 

a.  Physical  meiarsurcs  to  preclude  Interchange  of  Items  of  a  same  or 
similar  that  are  not  in  fact  functionally  interchangeable. 

b*  Physical  s^asures  to  preclude  improper  mounting  of  units  or  components. 

c,  Measures  (e.g,,  coding)  to  facilitate  identification  and  interchange 
of  Interchangeable  items. 

d,  Heasures  (e.g.,  alignment  pins)  to  facilitate  proper  mounting  of  items. 

e,  Heasures  to  Insure  that  identification,  orientation,  and  alignment 
provisions  Include  cables  and  connectors* 
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5.9.2  Mounting  of  items  within  units. 

5. 9. 2.1  Stacking  avoidance.  Parts  should  be  mounted  in  an  orderly  array  on 
a  "two-dimensionar  surface,  rather  than  stacked  one  on  another  (i.e.,  a  lower 
layer  should  not  support  an  upper  layer,  so  subassemblies  do  not  have  to  be 
removed  to  access  other  subassemblies  within  the  equipment. 

5. 9. 2. 2  Similar  items.  Similar  items  shall  utilize  a  common  mounting 
design  and  orientation  within  the  unit.  This  mounting  design  shall  preclude 
interchange  of  items  which  are  not  functionally  interchangeable.  Similar 
items  which  are  not  functionally  interchangeable  shall  be  made  distinguishable 
by  labeling,  color  coding,  marking,  etc.,  to  prevent  unwanted  substitution. 

5. 9. 2. 3  Delicate  items.  Components  susceptible  to  maintenance  induced 
damage  through  rough  handl 1 ng ,  static  electricity,  abrasion,  lack  of 
cleanliness  or  other  such  factors  shall  be  clearly  identified  and  guarded  from 
abuse  both  physically  and  by  procedural  requirements. 

5.9.3  Adjustment  controls.  Controls  required  for  maintenance  purposes 
shall  comply  with  basic  control  design  requirements  in  5.4  and  labeling 
requirements  in  5.5. 

5. 9. 3.1  Knob  adjustments.  Knobs  rather  than  screwdriver  controls  shall  be 
used  whenever  adjustments  occuring  more  often  than  once  per  month  must  be 
performed  where  access,  weight,  and  related  considerations  permit  their  use. 
Knobs  shall  maintain  setting  following  adjustment, 

5. 9. 3. 2  Blind  screwdriver  adjustments.  Screwdriver  adjustments  made 
without  visual  access  are  perimlssable  only  If  mechanical  guides  are  provided 
to  align  the  screwdriver.  Screw  travel  shall  be  limited  to  prevent  the  screw 
from  falling  out  of  its  Intended  position. 

5.9.5.3  Reference  scale  for  adjustment  controls.  A  reference  scale  or 
other  appropriate  feedback  shalT  be  provided for  a1 1  adjustment  controls.  The 
reference  scale  shall  be  readily  visible  to  the  person  making  the  adjustment. 
Mirrors  or  flashlights  should  not  be  required  for  adjustments. 

5. 9. 3. 4  Control  limits.  Calibration  or  adjustment  controls  which  are 
Intended  to  have  a'llmlted  degree  of  motion  shall  have  mechanical  stops  with 
strength  to  prevent  damage  by  a  force  or  torque  100  times  greater  than  the 
resistance  to  movement  within  the  range  of  adjustment, 

5. 9. 3. 5  Critical  controls.  Critical  and  sensitive  adjustment  controls 
shall  incorporate  features  to  prevent  Inadvertent  or  accidental  actuation.  If 
a  locking  device  Is  to  be  used  to  prevent  inadvertent  actuation,  operation  of 
tho  locking  device  shall  not.  change  the  adjustment  setting.  Where  the 
operator  or  maintoiner  is  subjected  to  disturbing  vibrations  or  acceleration 
during  the  adjustment  operation,  suitable  hand  or  arm  support  shall  be 
provided  near  the  control  location  to  facilitate  making  adjustment. 
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5. 9. 3. 6  Hazardous  locations.  Adjustment  controls  should  not  be  located 
close  to  dangerous  voltages,  moving  machinery,  or  any  other  hazards.  If  such 
location  cannot  be  avoided,  the  controls  shall  be  appropriately  shielded  and 
labeled. 


5.9.4  Accessibility. 

5.9.4. 1  Structural  members.  Structural  members  or  permanently 
installed  equipment  shall  not  visually  or  physically  obstruct  adjustment, 
servicing,  removal  of  replaceable  equipment  or  other  required  maintenance 
tasks.  Panels,  cases,  and  covers  removed  to  access  equipment  shall  have 
the  same  access  requirements  as  replaceable  equipment.  Mounting 
provisions  shall  be  directly  visually,  and  physically  accessible  by  the 
maintainers.  Unless  required  by  security  considerations,  no  special 
tools  shall  be  required  for  removal  or  replacement. 

5. 9. 4. 2  Large  itOTS.  Large  items. which  are  difficult  to  remove  shall  be  so 
mounted  that  they  will  not  prevent  convenient  access  to  other  items. 

5. 9. 4. 3.  Use  of  tools  and  test  equipment.  Check  points,  adjustment  points, 
test  points,  cables,  connectors,  and  labels  shall  be  accessible  and  visible 
during  maintenance.  Sufficient  space  shall  be  provided  for  the  use  of  test 
equipment  and  other  required  tools  without  difficulty  or  hazard, 

5. 9. 4. 4  Rear  access.  Sliding,  rotating  or  hinged  equipment  to  which  rear 
access  is  required  shall  be  free  to  open  or  rotate  their  full  distance  and 
remain  in  the  open  position  without  being  supported  by  hand.  Rear  access 
shall  also  be  provided  to  plug  connectors  for  test  points,  soldering  and  pin 
removal  where  connectors  require  such  operations.  Aircraft  installed 
equipment  shall  be  configur^  for  one-sided  access. 

5. 9. 4. 5  Relative  accessibility.  Mission  critical  items  which  require  rapid 
maintenance  sliaTTIbe  most  accessible.  When  relative  ci^iticality  is  not  a 
factor,  items  requiring  most  frequent  access  shall  be  most  accessible. 

5. 9. 4. 6  Hi qh>-fai lure-rate  items.  Hi gh-fai lure-rate  items  should  be 
accessible  for  replacement  without  moving  non-failed  items.  Mechanical 
replacement  items  shall  be  removable  with  common  hand  tools  and  simple 
handling  equipment. 

5. 9. 4. 7  Skills.  Access  to  items  maintained  by  one  technician  should  not 
require  removal  of  critical  equipment  maintained  by  another  technician, 
particularly  where  highly  specialized  skills  are  Involved. 

5.9.5  Lubrication. 

5. 9. 5.1  General .  Configuration  of  equipment  containing  mechanical  items 
requiring  I'uFrTcation  shall  permit  both  lubrication  and  checking  of  lubricant 
levels  without  disassembly.  Extended  fittings  shall  be  provided  to  lubricant 
ports  that  would  not  otherwise  be  readily  accessible  or  visible.  Permanently 
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lubricated  items  for  which  lubricant  lasts  for  the  life  of  the  items  are 
excluded.  A  clear  indication  of  completion  of  lube  servicing  shall  be 
provided  to  ensure  proper  servicing  level.  Lube  fittings  shall  be  sized  to 
prevent  cross  coupling  with  improper  lube  servicing  devices. 

5. 9. 5. 2  Labeling.  Where  lubrication  is  required,  the  type  of  lubricant  to 
be  used  and  the  frequency  of  lubrication  shall  be  specified  by  a  label  mounted 
at  or  near  the  lube  port  or  grease  fitting.  For  non-airborne  equipment,  a 
lubrication  chart  of  permanent  construction  shall  be  mounted  at  the  operator 
station  of  the  equipment;  individual  labels  shall  not  be  required  when  the 
equipment  has  only  one  type  of  fitting  and  uses  only  one  type  of  lubricant. 

5.9.6  Case  and  coyer  mounting.  Cover  or  shield  holes  shall  be  large  enough 
for  mounti ng  screw  cl earance  without  perfect  case  alignment. 

5.9.7  Cases. 


5. 9. 7.1  Orientation.  The  proper  orientation  of  an  item  within  its  case 
shall  be  made  obvious,  either  through  design  of  the  case  or  by  means  of 
appropriate  labels. 

5. 9. 7. 2  Removal .  Cases  should  lift  from  Items  rather  than  the  converse. 
Equipment'  should  be  protected  from  damage  when  cases  are  removed  or  replaced. 
Cases  shall  not  require  manual  support  to  remain  in  the  open  position  during 
maintenance. 

5. 9. 7. 3  Size.  Cases  shall  be  sufficiently  larger  than  the  items  they  cover 
to  facilitaliTTnstal lation  and  removal  with  little  or  no  case  manipulation. 

5. 9. 7. 4  Guides.  Guides,  tracks,  and  stops  shall  be  provided  as  necessary 
to  facilitate  handling  and  to  prevent  damage  to  equipment  or  injury  to 
personnel . 

5.9.8  Covers. 

5.9.8. 1  Securing  of  covers.  It  shall  be  made  obvious  when  a  cover  is  not 
secured,  even  though  it  may  be  in  place. 

5. 9. 8. 2  Instructions.  If  the  method  of  opening  a  cover  is  not  obvious  from 
the  construction  of  the  cover  Itself,  instructions  shall  be  permanently 
displayed  on  the  outside  of  the  cover.  Instructions  shall  consist  of  simple 
symbols  such  as  arrows  or  simple  words  such  as  "push"  or  "push  and  turn." 

5. 9. 8. 3  Clearance.  Bulkheads,  brackets,  and  other  equipment  shall  not 
obstruct  visual  or  physical  access  for  removal  or  opening  of  covers  on 
equipment  within  which  work  must  be  performed  in  the  installed  condition. 
Covers,  doors  or  panels  which  must  be  opened  to  perform  on-sUe  maintenance 
shall  be  visually  and  physically  accessible  to  the  maintainers. 


186 


MIL-STD-14720 


5.9.9  Access  openings  and  covers. 

5. 9. 9.1  Appl i cat ion.  An  access  shall  be  provided  whenever  frequent 
maintenance  operations  would  otherwise  require  removing  a  case  or  covering, 
opening  a  fitting,  or  dismantling  an  item  of  equipment. 

5. 9. 9. 2  Self-supporting  covers.  Hinged  access  covers  that  are  not 
completely  removable  shall  be  self-supporting  in  the  open  position.  The  cover 
in  the  open  position  shall  not  obstruct  required  visual  or  physical  access  to 
the  equipment  being  maintained  or  to  related  equipment  during  maintenance. 
Self-supporting  covers  should  be  capable  of  being  opened  and  closed  with  one 
hand.  Covers  shall  be  secured  to  withstand  windgusts,  vibrations,  or  other 
environmental  effects  as  specified  by  system  requirements. 

5.9.9. 3  Labeling.  Each  access  should  be  labeled  with  nomenclature  for 
items  visible  or  accessible  through  it,  nomenclature  for  auxiliary  equipment 
to  be  used  with  it  and  recommended  procedures  for  accomplishing  operations. 
Accesses  shall  be  labeled  with  warning  signs,  advising  of  any  hazards  existing 
beyond  the  access  and  stating  necessary  precaution.  Opening  or  removing  an 
access  cover  shall  not  remove  or  visually  obstruct  any  hazard  warning.  If 
instructions  applying  to  a  covered  item  are  lettered  on  a  hinged  door,  the 
lettering  shall  be  properly  oriented  to  be  read  when  the  door  is  open. 

Warning  notices  shall  be  clear,  direct,  and  attention-getting  and  have  a  25 
percent  larger  letter  height  than  any  detailed  instructions  which  follow, 

5. 9. 9. 4  Rounding.  Cover  and  access  edges  shall  be  rounded  (See  5.13,5.4) 
to  preclude  hand  injury  or  clothing  damage, 

5. 9. 9. 5  Physical  access. 

5. 9. 9. 5.1  and  hand  access.  Access  openings  provided  for  adjusting  and 
handling  interior  equipment  shall  be  sized  to  permit  the  required  operations 
and  shall  provide  an  adequate  view  of  the  item  being  manipulated.  All  blind  arm 
and  hand  access  shall  require  approval  of  procuring  authority. 

5. 9. 9. 5. 1.1  Opening  covers.  Access  covers  shall  be  equipped  with  grasp 
areas  or  other  means  for  opening  them.  Where  operations  will  require  opening 
and  closing  the  covers  while  wearing  gloves  or  special  clothing,  opening 
provisions  shall  accommodate  the  gloves  or  special  clothing. 

5. 9. 9. 5. 1.2  Reach  access  dimensions.  The  dimensions  of  access  openings  for 
arms,  hands,  and  fingers  shall  be  no  less  than  those  shown  In  Figure  45. 
Allowance  shall  be  made  for  the  clearance  of  the  operator's  gloved  or  mittened 
hand,  or  special  clothing  as  appropriate.  Shape  of  access  shall  allow  easy 
passage  of  equipment,  body  appendage  or  tools  as  appropriate.  Access  shape 
shall  permit  passage  of  all  equipment  that  must  be  replaced  through  the 
opening  allowing  for  protuberances,  attachments  and  handles  on  the  equipment, 

5. 9. 9. 5. 1.3  Tool  access  dimensions.  Access  openings  shall  be  large  enough 
to  operate  tools  required  i^or  maintenance  of  the  equipment  reached  through  the 
access. 
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MINIMAL  TWCHIANO  ACCESS  OfENMOS  WITHOUT  VISUAL  ACCESS 


RMCMng  with  both  hands  to  dtoth  of  ISO  m  dSOmm: 


Li|ht  dethini:  Width:  SOOnim  or  tha  dipth  at  laadt* 

Haliht:  126iam 

Artlie  detMiif ;  Width:  ISOrnm  plui  3M  tha  daiNh  of  fMCh 

Haight:  ISOomi 

full  artn't  lanath  (to  thouManl  arith  both  arm: 


Width:  SOOaim 

Haithi:  ISShtm 

InaarilBi  boa  impad  by  haiwHaa  on  tha  front: 


ISmm  dawanat  around  boa.  tatuwlm  adaouata  alaaranoa 
arauno  handlat 

Inaartata  baa  adth  handt  on  tha  aidM: 


LHM  oMhiot:  Width  Soaplua  tlSawn 

♦  Haight;  tSlaiw  or  13nwh  aroond  baa* 

Arctic  dothing:  Width:  Soa  ptua  ISQiom 

♦  Haight;  SlSdut  or  tSiam around  boa* 
*Whichaaar  it  largar. 

^tf  hands  curl  around  bottam,  altow  an  aatra  Siniiii  for  light 
dotMng.  TBntoi  for  arcbc  dothtng* 


MmiMAL  ONC-HANO  ACCflIS  OhCNIffOS  WITHOUT  VISUAL  ACCESS 


ajswhanJLjloadlai^ 

Sara  hand*  nalitdt 
Sara  hand.  fHi: 
QIaaa  or  ndttani 
Aratk  ndtaani 


Hmm  agordia 

SSnam  a  lOOmm  ar  tWmndia 

IQSnan  a  fiSntM  ar  tSOaondia 

tandh  a  IWtooi  or  IManandW 


QIaoa  Of  ndttani 
AradoMMaan: 


MMsao  a  laSanat  or  131  saw  die 
IlSaatn  a  llOshw  ar  iWoswdla 
ISO  win  a  SlSataa  ar  SlltMOdia 


Aratsa  witaani 


ISOwmag  ar  dia 
ISOwwaaordia 


HonsI  gfaa  ahlaaa  aaar  1  Irt  dia*  ta  arristi 


OWaa  ar  witaani 
Arada  wdaawi 

Artn  lo  alhaari 

a 

oa^pHS  SIVoMSny* 

Atataa  dathlngi 
WWtoSittii 
ArjMtaahouhfar 

Ugisi  ataihb^i 
Afaaia  afaahfhg: 
Whhaldaai: 


lOOmw  a  lIBww 
llOwin  aa  or  dta 


SlStoaata  or  dfs 
Cbiiraniat  at  ohatu 


minimal  SINOIN  ACCESS  TO  SINST  JOINT 


huoh  Isutaan  aaaaas: 

•arc  hand: 

33m«ndia 

Oloutd  hand: 

Hwwdla 

Taw  llogar  wrot  aoeaas: 

SsrohttK) 

OlosM  hand; 

oblaa  Mua  SSrnw 

FIGURE  45.  ARM  AND  HAND  ACCESS  DIMENSIONS.  IN  mm 
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i"  piu*  3''4  4«pth  of  tppch 
7" 


Lima 


MINIMAU  TWO-HAND  ACCESS  OfENINGS  WITHOUT  VISUAL  ACCESS 


Rppcltint  wtNi  betli  lioiW*  t«  dppNi  *<  i  to  19.25  inelin*: 


Liylit  clotkin^i  '  Width:  8*'  0(  Iho  dopih  of  roach* 

Hoighti  5** 

Arctic  clothing:  Width:  6"  piuo  3''4  tho  depth  ol  tocch 

Holght:  7" 

Rocchln^full  Ofin’t  Icnolh  (to  ihouldcrt)  with  both  ermo; 


“  Width.  19. 5" 

Height:  S" 

Iniertine  hea 


\.’T‘  slecronco  cretied  bed,  cooueting  edoo>-eto  cleotenco 
oreiNid  hendleo 

jniorttna1gi^«rlthhend»on^thoj»idoo: 

Light  olething.  Width:  Aea  pluo  4.S‘' 

t  Haight:  S'*  or  0.5"  ereond  boo* 

Aretie  tiethmg:  Width:  Box  plut  7" 

________  t  Height;  1.3"  or  O.S”  croend  boo* 

*  Whichever  Is  Icrger. 

t  H  hende  curl  croend  boHooi,  allow  on  ectre  I.S"  lor  light 
clothing,  3"  (or  arctic  clothing. 


minimal  one-hand  access  Oi>ENINCS  WITHOUT  VISUAL  ACCESS 


Height  Width 
Empty  bend,  to  wrict:  ”  . 

Bare  hand,  rolled:  3.73"  eg  or  die 

Bore  hoed.  Hot:  2.23"  x  4.0" 

Clove  or  mitten:  4,0"  a  4.0" 

Arotiv  mittoot  S'.O**  c  4.S" 

Clonchod  hood,  to  wriot: 

•ere  hand:  3.S"  o  S.O" 

Olovt  or  mIHoni  4.3"  o  4.0" 

Arctic  mlttoo;  7.0"  a  4.3" 

Hood  plus  I"  die  ohloot,  to  wrtcti 

Beto  hood:  3.73"  eg  or  dio 

Gloved  hgrtdi  4.0"  og  or  die 

JMoito  AHttoet  7.0"  og  oa  die 

Need  plus  ohloot  over  I"  Indio,  to.wrlst: 


4.0"  die 
4.0"  die 
4.S"  dio 


5.0“  die 
4.0"  dio 
I.S"  dio 


Glove  or  mlttoei 
Arctic  mlttoni 

Arm  to  elbow: 

Light  clothing.  < 
Arottc  clothing:'* 
With  oMoct: 

Armjto^4htg|ildor: 

Light  oUthIrtg: 
AroHc  clothing: 
With  shloott 


Wush  boll 


olodrowce  otoiiind  ob|oct 
olecaomco  orewnd  ob|oct 
olocoonce  erouod  obtect 


m  4.3"  or 

eg  oc  die 


Glootomooo  oo  cbovo 


3.0"  og  or  dio 
8.3"  og  or  die 

Cloorcwcoc  00  Obovo 


umiMAL  7INOIII  ACCESS  TO  FIRST  JOINT 


•ote  hondi 
Cloved  hund: 


'  twict  occooc: 


Cloved  htordt 


I.2S"  die 
1.S"  die 

ohioct  pluc  2.0"  die 
ohioct  pluc  2.S”  dig 


FIGURE  45.  ARM  AND  HAND  ACCESS  DIMENSIONS,  IN  INCHES  (CONCLUDED) 
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5. 9. 9. 5. 1.4  Remove  and  replace  dinensions.  Opening  size  for  removal  and 
replacement  of  equipment  shall  allow  for  handling  clearance  for  bare  hand  or 
gloved  hand  as  appropriate. 

5. 9. 9. 5. 1.5  Guarding  hazardous  conditions.  If  a  hazardous  condition,  such 
as  exposed  conductors  energized  with  dangerous  voltages  or  currents,  exist 
behind  the  access,  the  physical  barrier  over  the  access  shall  be  equiped  with 
an  -interlock  that  will  de-energize  the  hazardous  equipment  when  the  barrier  is 
open  or  removed.  Both  the  presence  of  the  hazard  and  the  fact  that  an 
interlock  exists  shall  be  noted  on  the  equipment  case  or  cover  such  that  it 
remains  visible  when  the  access  is  open. 

5. 5. 3. 5. 1.6  Type  of  opening.  Where  physical  access  is  required,  the 
following  practices  shal 1  be  followed  in  order  of  preference: 

a.  An  opening  with  no  cover  unless  this  is  likely  to  degrade  syst^ 
performance,  safety,  or  NBC  contamination  survivability. 

b.  A  hand  operated  (latched,  sliding,  or  hinged)  cap  or  door  where  dirt, 
moisture,  or  other  foreign  materials  might  otherwise  create  a  problem, 

c.  A  quick -opening  cover  plate  using  1/4  turn  captive  fasteners  if  a  cap 
will  not  meet  stress  requirements  or  space  prevents  a  hinged  cover, 

d.  When  captive  fasteners  cannot  be  used  because  of  stress,  structure  or 

pressurization,  screw  down  cover.  Use  minimun  number  of  interchangeable 
screws  to  fasten  door.  . 

5„9,9,6  Visual  access.  Where  visual  access  is  required,  the  opening  shall 
provide  a  viIuaT'TnglTTufficient  to  view  all  requir)^  infomation  at  the 
normal  operating  or  maintenance  position.  The  maintainer  should  be  provided 
unrestricted  visual  access  from  the  work  station  without  bending.  Where 
bending  is  required,  frequency  and  time  in  the  bent  position  shall  not  c4use 
fatigue.  Where  visual  access  only  ,‘s  required,  the  following  practices  shall 
be  followed  in  order  of  precedence: 

a.  An  opening  with  no  cover  except  where  this  might  degrade  system 
performance  or  NBC  survivability. 

b.  A  transparent  window  if  dirt,  moisture,  or  other  foreign  materials 
might  otherwise  create  a  problem, 

c.  A  break-resistant  glass  window  1f  physical  wear,  heat,  or  contact  with 
solvents  wowlo  otherwise  cause  optical  «ieteri oration. 

d.  A  quick-opening  opaque  cover  If  glass  will  not  meet  stress  or  other 
requirements. 


Access  cover  attachment.  Covers  shall  be  attached  with  the  fewest 
number  of  s1mpT€^to-operate*Tast6ners  practicable.  Fasteners  shall  be 
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operable  by  hand  or  by  common  hand  tools  in  that  order  of  preference.  Small, 
removable  covers  shall  be  attached  to  structure  or  otherwise  retained  to 
prevent  loss, 

5.9,10  Fasteners, 


5.9.10.1  General ,  The  number  and  diversity  of  fasteners  used  shall  be 
minimized  commensurate  with  stress,  bonding,  pressurization,  shielding, 
thermal  and  safety  requirements.  When  more  than  one  size  or  type  fastener  is 
used  on  the  same  equipment  or  cover,  the  fasteners/equipment/cover  interface 
shall  permit  the  maintainer  to  readily  distinguish  the  intended  location  of 
each  fastener.  Finger  or  hand-operated  fasteners  shall  be  used  when 
consistent  with  these  requirements,  except  where  screws  with  heads  flush  with 
the  case  or  fastening  surface  are  required  for  NBC  survivability.  Fasteners 
requiring  non-standard  tools  shall  not  be  used. 

5.9.10.2  Hinges  and  tongue-and-slot  catches.  HingeSt  tongue-and-slot 
catches  and  mountfng"  pi  ns  shaTT  "’be  "used'  to  "minimi  ze  the  number  of  fasteners 
required;  however,  \^ere  covers  are  subject  to  NBC  survivability  requirements, 
pin  and  hook  arrangements,  rather  than  hinges,  should  be  used. 

5.9.10.3  Captive  fasteners.  Captive  fasteners  shall  be  used  where  dropping 
or  loss  of  such  items  could  cause  damage  to  equipment  or  create  a  difficult  or 
hazardous  removal  problem.  Captive  fasteners  shall  also  be  provided  for 
access  covers  requiring  frequent  removal. 

5.9.10.4  Quantity.  If  a  hinged  access  panel  or  quick-opening  fasteners 
will  not  meet  stress,  pressurization,  shielding,  of  safety  requirements,  the 
minimum  number  consistent  with  these  requirements  shall  be  used. 

5.9.10.5  Fastener  head  type. 

5.9.10.5.1  High  torque  fasteners.  External  hex  or  external  double-hex 
wrenching  el emeht s "she n  "fee 'prdviiied  on  all  machine  screws,  bolts  or  other 
fasteners  requiring  more  than  14  N*m  (10ft*lb)  of  torque.  When  external 
wrenching  fasteners  cannot  meet  the  mechanical  function  or  personnel  safety 
requirements,  or  in  limited  access  situations,  and  where  use  Is  protected  from 
accumulation  of  foreign  material ,  Internal  wrenching  fasteners  may  be  used. 
Direct  tool  access  shall  be  provided  to  allow  for  torquing  without  the  use  of 
irregular  extensions. 

5.9.10.5.2  Low  torque  fasteners.  Hex  type  internal  grip  head,  hex  type 
external  grip  'Hea«i  dr  combination  head  (hex  or  straight-slot  Internal  grip  and 
hex  type  external *grip  head)  or  Torq-set  fasteners  may  be  provided  where  less 
than  14  N-M  (10  ft  lb)  torque  is  required;  however,  internal-grip  head 
fasteners  shall  be  provided  only  vdiere  a  straight  or  convex  smooth  surface  Is 
required  for  mechanical  function  or  for  personnel  safety  and  where  use  is 
protected  from  accumulation  of  foreign  material  (e.g.,  ice,  snow). 
Straight-slot  or  cross-recess  type  internal  grip  fasteners  shall  not  be 
provided,  except  as  wood  fasteners  or  where  these  type  fasteners  are  provided 
on  standard  commercial  items. 
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5.9.10.5.3  Common  fasteners.  Whenever  possible,  identical  screw  and  bolt 
heads  shall  be  provided  to  allow  various  panels  and  components  to  be  removed 
with  one  tool.  Combination  bolt  heads  such  as  slotted  hex  head  should  be 
selected  whenever  feasible.  Identical  fasteners  shall  not  be  used  where 
removal  of  wrong  fastener  can  result  in  equipment  damage  or  change  to 
calibration  settings. 

5.9.10.6  Accessibility.  The  heads  of  mounting  bolts  aitd  fasteners  should 
be  located  on  surfaces  readily  accessible  to  the  raaintainer.  Both  hand  and 
tool  access  shall  be  provided  to  the  unthreaded  or  loosened  fastener. 

5.9.10.7  Number  of  turns.  Fasteners  for  mounting  assemblies  and 
subassemblies  shall  require  a  minimum  number  of  turns,  compatible  with  stress, 
alignment,  positioning  and  load  considerations.  When  machine  screws  or  bolts 
are  required,  the  number  of  turns  and  the  amount  of  torque  shall  be  no  more 
than  necessary  to  provide  the  reouired  strength  except  when  a  common  fastener 
Is  utilized.  All  Items  requiring  removal  for  daily  or  more  frequent  scheduled 
inspections  and  servicing  shall  utilize  quick  release  fasteners. 

5.9.10.8  Torque  labeling.  When  fastener  torquing  to  meet  CMI/RFI 
shielding,  thermal  conductance  or  other  constraints  is  required  for 
organizational  or  intermediate  level  maintenance  actions,  an  instructional 
label  or  placard  should  be  provided  In  reasonable  proximity  to  fasteners. 

Such  labels  shall  comply  with  requirements  of  5.5  and  specify  required  torque 
value  and  torquing  sequence. 

5.9.11  Unit  design  for  efficient  handling. 

5.9.11.1  Rests  and  stands.  When  required  to  support  operations  or 
maintenance  'functions^ 'Vests  or  stands  on  which  units  can  be  placed,  including 
space  for  test  equipment,  tools,  technical  orders  and  manuals,  should  be 
provided.  When  permitted  by  design  requirements,  such  rests  or  stands  shall 
be  part  of  the  basic  unit,  rack  or  console  chassis. 

5.9.11.2  Extensiqns,  Extensions  and  connected  appurtenances,  accessories, 
utilities,  cables,  wave  guides,  hoses  and  similar  items  shall  not  Interfere 
with  removing,  replacing,  or  carrying  an  item.  If  such  extensions  and 
connected  appurtenances  interfere  with  these  tasks,  they  shall  be  easily 
removed  or  disconnected  from  the  equipment  before  handling.  Easy  disconnect 
shall  consist  of  hand  operable  quick  disconnect  or  standard  hand  tool  operable 
disconnects  in  that  order  of  preference. 

5.9.11.3  Weight. 

5.9.11.3.1  Lifting  limits.  The  weight  limits  in  table  XXill,  conditions  A 
and  B,  shall  be  used  as "maximum  values  in  determining  the  design  weight  of 
items  requiring  one  person  lifting  with  two  hands.  Double  the  weight  limits 
In  Table  XXlII  shall  be  used  as  the  maximum  values  in  determining  the  design 
weight  of  items  requiring  two  person  lifting,  provided  the  load  is  uniformly 
distributed  between  the  two  lifters.  If  the  weight  of  the  load  is  not 
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unifomly  distributed,  the  weight  limft  applies  to  the  heavier  lift  point. 
Where  three  or  more  persons  are  lifting  simultaneously,  not  more  than  75 
percent  of  the  one-person  value  may  be  added  for  each  additional  lifter, 
provided  that  the  object  lifted  is  sufficiently  large  that  the  lifters  do  not 
interfere  with  one  another  while  lifting.  Where  it  1s  not  possible  to  define 
the  height  to  which  an  object  will  be  lifted  in  operational  use,  the  limit 
wherein  the  object  Is  lifted  to  shoulder  height  shall  be  used  rather  than  the 
more  permissive  bench  height  value.  The  values  in  Table  XXIII  are  applicable 
to  objects  with  or  without  handles. 

TABLE  XXIII.  DESIGN  WEIGHT  LIMITS 


HANDLING  FUNCTION 

Male  and  Female 
Population 

Hale  Only 
Population 

(kgs) 

Tfbs) 

PW 

-(Tbs) 

A,  Lift  an  object  from  the  floor  and  place 

It  on  a  surface  not  greater  than  1.525  m 
(5  ft)  above  the  floor. 

16.8 

37 

25.4 

56 

B,  Lift  an  object  from  the  floor  and  place  it 
on  a  surface  not  greater  than  915  mm  (36  in.) 
above  the  floor. 

20.0 

44 

39.5 

87 

C.  Carry  an  object  10  meters  (33  feet)  or  less. 

19.0 

42 

37.2 

82 

5.9.11.3.2  Lifting  frequency.  The  equlpiaent  weight -1  Imlts  in  Table  XXIII 
are  not  for  repetitWe  tift'lng  as  found,  for  example,  in  loading  or  unloading 
transport  vehicles.  If  the  frequency  of  lift  exceeds  one  lift  In  5  minutes  or 

'20  lifts  per  8  hours,  the  permissible  weight  limits  shall  be  reduced  by 
{8,33xLF)  percent,  where  LF  Is  the  lift  frequency  In  lifts  per  minute.  For 
example.  If  the  lift  frequency  Is  6  lifts  per  minute,  then  the  maximum 
plbrmlsslblc  weight  Is  reduced  by  50  percent  (8.33  x  6  ■  50). 

5.9.11.3.3  Load  size.  The  maximum  permissible  weight  lift  limits  In  Table 

XXIV  are  appl icabi e  to  an  object  with  uniform  mass  distribution  and  a  compact 

size  not  exceeding  460  mm  (18  Inches)  high,  460  mm  (18  inches)  wide,  and 

300  mm  (12  Inches)  deep  (away  from  the  lifter.)  This  places  the  hand  holds  at 
half  the  depth,  or  150  mm  (6  inches)  away  from  the  body.  If  the  depth  of  the 

object  exceeds  610  mm  (24  Inches)  the  permissible  weight  shall  be  reduced  by 

33  percent.  If  the  depth  of  the  object  exceeds  910  mm  (36  Inches),  the 
permissible  weight  shall  be  reduced  by  50  percent.  If  the  depth  of  the  object 
exceeds  1.220  m  (48  Inches),  the  permissible  weight  shall  be  reduced  by 
66  percent. 


5.9.11.3.4  Obstacles.  The  values  in  Table  XXIII  assume  that  there  are  no 
obstacles  between  the  person  lifting  and  the  shelf,  table,  bench  or  other 
surface  on  which  the  object  is  to  be  placed.  Where  there  Is  a  lower 
protruding  shelf  or  other  obstacle  limiting  the  lifter’s  approach  to  the 
des1r,;d  surface,  the  weight  limit  of  the  object  shall  be  reduced  by  33  percent 
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for  an  obstacle  protruding  300  mm  (12  inches),  50  percent  for  an  obstacle 
protruding  460  mm  (18  inches),  and  66  percent  for  an  obstacle  protruding 
610  mm  (24  inches).  If  the  allowable  weight  must  be  reduced  by  both  oversize 
load  considerations  (paragraphs  5.9.11.3,3)  and  the  obstacle  considerations, 
only  the  more  restrictive  single  value  shall  apply;  two  reductions  shall  not 
be  applied. 


5.9.11.3.5  Carrying  limits.  The  weight  limit  in  Table  XXIII  condition  C 
shall  be  used  as  tne  maximum  value  in  determining  the  design  weight  of  items 
requiring  one  person  carrying  of  objects  a  distance  of  up  to  10  m  (33  feet). 
The  maximum  permissible  weight  for  carrying  also  applies  to  an  object  with  a 
handle  on  top,  such  as  a  tool  box,  which  usually  is  carried  at  the  side  with 
one  hand.  Double  this  weight  carrying  limit  shall  be  used  as  the  maximum 
value  in  determining  the  design  weight  of  items  requiring  two-person  carrying, 
provioed  the  load  is  uniformly  distributed  between  the  two  carriers.  Where 
three  or  more  persons  are  carrying  a  load  together,  not  more  than  75  percent 
of  the  one-person  value  may  be  added  for  each  additional  person  and  provided 
that  the  object  is  sufficiently  large  that  the  workers  do  not  interfere  with 
one  another  while  carrying  the  load.  In  all  cases  involving  carrying,  it  is 
assumed  that  the  object  is  first  lifted  from  the  floor,  carried  a  distance  of 
10  m  (33  feet)  or  less,  and  placed  on  the  floor  or  on  another  surface  not 
higher  than  915  mm  (36  inches).  If  the  final  lift  is  to  a  higher  height,  the 
1.525  m  (5  foot)  lift  height  applies  as  the  more  limiting  case, 

5.9.11.3.6  Carrying  frequency.  The  reduction  formula  expressed  in 
paragraph  5,9 .11  .T.2  shal T  be  applied  to  repetitive  carrying  in  the  same 
manner  as  for  repetitive  lifting. 

5.9.11.3.7  Object  carry  size.  The  reduction  formula  expressed  in  paragraph 
5.9,11,3.3  shall  be  applied  to  size  of  objects  to  be  carried  in  the  same 
manner  as  for  load  size. 

5.9.U.3.8  User  population.  Unless  otherwise  specified  by  the  procuring 
activity,  the  values  in  table  XXIII  for  Hale  and  Female  Population  shall  apply 
to  any  object  to  be  lifted  or  carried  manually.  Where  the  procuring  activity 
specifies  that  the  object  is  to  be  lifted  or  carried  only  in  a  combat 
enviroiunent,  the  Male  Only  Population  will  be  applied. 

5.9,11,3.9  labeling.  Items  weighing  more  than  the  one-person  lift  or  carry 
values  for  Hale  and  Female  Population  of  Table  XXIII  shall  be  prominently 
labeled  with  weight  of  the  object  and  lift  limitation,  i.e.,  mechanical  or 
two-person  lift,  three-person  lift,  etc.  Where  mechanical  or  power  lift  is 
required,  hoist  and  lift  points  shall  be  provided  and  clearly  labeled. 

5.9.11,4  Push  and  pull  forces. 

5.9.11,4,1  Horizontal .  Manual  horizontal  push  and  pull  forces  required,  to 
be  applied  initially  to  an  object  to  set  it  in  motion  or  to  be  sustained  over 
a  short  period  of  time,  shall  not  exceed  the  values  of  Table  XXIV,  as 
applicable,  or  those  given  in  Figure  21,  if  more  appropriate  to  the  force  and 
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movement  characteristics  of  the  task.  The  values  shown  in  Table  XXIV  apply  to 
males  only  and  should  be  modified  for  females.  (Two-thirds  of  each  value 
shown  is  considered  to  be  a  reasonable  adjustment.)  Use  of  the  maxima  shown 
in  Table  XXIV  is  predicated  upon  a  suitable  surface  for  force  exertion,  i.e., 
vertical  with  rough  surface  and  be  approximately  400  mm  (16  inches)  wide 
between  0.510  and  1.270m  (20  and  50  inches)  above  the  floor  to  allow  force 
application  with  the  hands,  the  shoulder  or  the  back  (see  Figure  46). 

5.9.11.4.2  Vertical .  Manual  vertical  push  and  pull  forces  required  shall 
not  exceed  the  applicable  fifth  percentile  peak  or  mean  force  values  of 
Table  XXV,  or  those  given  In  Figure  21,  if  more  appropriate  to  the  force  and 
movement  characteristics  of  the  task. 
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TABLE  XXIV.  HORIZONTAL  PUSH  AND  PULL  FORCES  EXERTABLE 
INTERMITTENTLY  OR  FOR  SHORT  PERIODS  OF  TIME  (MALE  PERSONNEL) 


HORIZONTAL 

FORCE*; 

AT  LEAST 

APPLIED  WITH  *• 

CONDITION 

(iu:  COEFFICIENT  OF  FRICTION) 

100N  (25  Ibl 
push  or  pull 

both  hands  or  one 
shouidor  or  the  bsek 

with  low  traction 

0.2<m<0J 

2Mm  (45  Ibl 
push  or  pull 

both  hands  or  one 
thoukter  or  the  beek 

with  madium  trsetion 

/i"-0.6 

2S9N  (55  lb) 
push 

one  hand 

If  braoad  againtt  a  sartieal  wall 

B10-1S2S  mm  (20->50  in.)  from  and 
parallel  to  the  push  panel 

SOON  (70  lb) 
push  or  puli 

both  hands  or  one 
shouMar  or  the  book 

with  high  traction 

M>0.9 

SOON  (110  lb) 
push  or  pull 

both  hands  or  one 
thoukter  or  the  back 

if  braoad  againtt  a  verdeal  wall 

610~1 780  mm  (20-70  in.)  from  and 
paraitei  to  the  panel 
or 

if  anchoring  the  feet  on  a  perfeetly  nonsUp 
ground  (like  a  footrest) 

750N  (155  lb) 
push 

the  bock 

if  braoad  against  a  vertiaal  wail 
(500—1100  mm)  (23-^  in.)  from  and 
paraitei  to  the  push  panel 
or 

if  anchoring  the  fact  on  a  parfactiy  nonslip 
ground  (like  a  footrest) 

*May  be  doubted  for  ttwo  and  tfipted  for  thraa  oparaton  pushing  simuHanaously. 
For  tha  fourth  and  each  additi^l  oparator.  ttot  more  than  75%  of  .lhaif  putei 
pabillty  should  be  added. 

iaa  Figpia  46  for  axampiaa. 
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LOW/MIEOlUM/HIGH  TRACTION 


USf  OF  FOOTREST 


RRACED  AGAINST  VERTICAL  WALL 


RGURS  46.  EXAMPLES  OP  PUSH  FORCE  CONDITIONS  FOR  TABLE  XXlV 
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TABLE  STATIC  MUSCLE  STRENGTH  DATA 


PERCENTILE  VALUES  IN  NEWTONS 

Sth  PERCENTILE 

96th  PERCENTILE 

STRENGTH  MEASUREMENTS 

mmmt 

W.'.NM 

WOMEN 

(SEE  FIGURE  47) 

A  STANDING  TWO-HANDED  PULL: 

38  cm  LEVEL 

MEAN  FORCE 

738 

331 

1364 

818 

PEAK  FORCE 

846 

1437 

888 

B  STANDING  TWO-HANOEO  PULL: 

BO  em  LEVEL 

MEAN  FORCE 

768 

1342 

841 

PEAK  FORCE 

831 

374 

1442 

906 

C  STANDING  TWO-HANDED  PULL: 

100  em  LEVEL 

MEAN  FORCE 

444 

186 

831 

443 

PEAK  FORCE 

S04 

218 

988 

D  STANDING  TWO-HANDED  PUSH: 

150  em  LEVEL 

MEAN  FORCE 

408 

163 

1017 

380 

PEAK  FORCE 

473 

1084 

430 

E  STANDING  ONE-HANDED.  PULL 

100  cm  LEVEL 

MEAN  FORCE 

315 

103 

028 

284 

PEAK  FORCE 

250 

132 

724 

322 

F  SEATED  ONE-HANDED  PULL 
CENTERLINE.  45  em  LEVEL 

MEAN  FORCE 

227 

108 

078 

392 

PEAK  FORCE 

273 

127 

788 

481 

G  SEATED  ONE-HANDED  PULL: 

SIDE,  46  em  LEVEL 

MEAN  FORCE 

240 

109 

004 

337 

PEAK  FORCE 

273 

134 

080 

396 

H  SEATED  TWO-HANDED  PULL: 
CENTERLINE.  38  cm  LEVEL 

MEAN  FORCE 

886 

242 

1221 

770 

PEAK  FORCE 

688 

286 

1324 

842 

1  SEATED  TWO-HANDED  PULL: 
CENTERLINE.  BO  em  LEVEL 

MEAN  FORCE 

826 

204 

1062 

032 

PEAK  FORCE 

806 

237 

1189 

mi 
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TABLE  XXV  STATIC  MUSCLE  STRENGTH  DATA 


PERCENTILE  VALUES  IN  POUNDS 

Bth  PERCENTILE 

9Sth  PERCENTILE 

STRENGTH  MEASUREMENTS 

Ksaa 

WOMEN 

MEN 

(SEE  FIGURE  47) 

A  STANDING  TWO-HANDED  PULL: 

IS  bt.  LEVEL 

MEAN  FORCE 

108 

74 

304 

184 

PEAK  FORCE 

190 

89 

323 

200 

B  STANDING  TWO-HANDED  PULL: 

20  lA.  LEVEL 

MEAN  FORCE 

170 

73 

302 

189 

PEAK  FORCE 

187 

84 

V  324 

203 

C  STANDING  TWO-HANDED  PULL: 

39  In.  LEVEL 

MEAN  FORCE 

100 

42 

209 

100 

PEAK  FORCE 

113 

49 

222 

111 

D  STANDING  TWO-HANDED  PUSH: 

69  la  LEVEL 

MEAN  FORCE 

92 

34 

229 

86 

PEAK  FORCE 

106 

42 

246 

97 

E  STANDING  ONE-HANDED  PULL: 

39  la  LEVEL 

MEAN  FORCE 

48 

83 

141 

64 

PEAK  FORCE 

68 

30 

163 

72 

F  SEATED  ONE-HANDED  PULL: 
CENTERLINE.  18  in.  LEVEL 

MEAN  FORCE 

51 

24 

152 

88 

PEAK  FORCE 

61 

29 

170 

101 

Q  SEATED  ONE-HANDED  PULL: 

SIDE.  18  In.  LEVEL 

MEAN  FORCE 

54 

25 

138 

76 

PEAK  FORCE 

30 

148 

89 

H  SEATED  TWO-HANDED  PULU 
CENTERLINE,  16  in.  LEVEL 

MEAN  FORCE 

134 

54 

274 

173 

PEAK  FORCE 

167 

64 

298 

S  SEATED  TWO-HANDED  PULL: 
CENTERLINE,  20  In.  LEVEL 

MEAN  FORCE 

118 

46 

237 

142 

PEAK  FORCE 

134 

63 

267 

167 
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A.  STANDING  TWO^HAMPEP  PULL;  38caii(ir*)  LEVEL 
STANOINQ  WITH  FEET  45  cm  (18")  APART  AND  KNEES 
BENT.  BENDING  AT  WAIST,  GRASPING  BOTH 
SIDES  OF  46 am (18")  LONG  HANDLE  LOCATED  DIRECTLY 
IN  FRONT,  as  am  (ir)  A^E  STANDING  SURFACE, 

AND  PULUNG,  USING  PRIMARILY  ARMS,  SHOULDERS 
AND  LEGS. 


B.  STANDING  TW0-4IANPED  PULL;  SO  cm  <20**)  LEVEL 

STANOINQ  WITH  FEET  46  am  (18")  APART  AND  KNEES 
STRAIGHT.  BENDING  ATWAIST,  GRASPING  BOTH 
SIDES  OF  46  am  (ir)  LONG  HANDLE  LOCATED  DIRECTLY 
IN  FRONT,  50  om  ABOVE  STANDING  SURFACE, 

AND  PULUNG,  USING  PRIMARILY  ARMS  AND 
SHOULDERS. 


C.  STANDING  TWO-HANDED  PULL;  100  cm  (39")  LEVEL 

STANDING  ERECT  WITH  FEET  46  am  (ir)  APART, 
GRASPING  BOTH  SIDES  OP  46  em  (ir )  LONG  HANDLE 
LOCATED  DIRECTLY  IN  FRONT,  100  cm  (ST)  ABOVE 
STANDING  SURFACE,  AND  PULUNG,  USING  THE 

ARMS. 


STATIC  MUSCLC  STRENGTH  DATA 
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D. STANOINC  TWO~HANP6P  PUSH:  ISO  gm  <88")  LEVEL 

STANDING  ERECT  WITH  FEET  46  on  (in  APART.  GRASPING 
PROM  BELON,  BOTH  SIDES  OF  45  an  fir)  LONG  HANDLE 
LOCATED  DIRECTLY  IN  FRONT,  160  cm  (SB")  ABOVE 
STANDING  SURFACE.  PUSHING  UPWARD  USING  ARMS 
AND  SHOULDERS. 


E.  STANDING  ONE-HANDED  PULL:  100  cm  (ST*)  LEVEL 

STANDING  ERECT  WITH  FEET  is'm  (6")  APART, 
DOMINANT  HAND  GRAIFING  UNDERSIDE  OF 
D-RINi)  LOCATED  Df  RECTLY  TO  THE  SIDE, 

100  tm  or)  ABOVE  STANDING  SURFACE.  PULUNQ 
UPWARD  WHIU  KEEPING  SHOULDER  SQUARE 
AND  OTHER  ARM  RELAXED  AT  SIDE. 


P.  MATED^jj^NDED  FULLi  SEAT  CENTERUNE 

SITTING  ERECT  WITH  FEET  B8  am  (ST)  APART. 
DOMINANT  HAND  GRASPINQ  UNDERSIDE  OF  D> 
RINO  LOCATED  OIRCCTLY  TO  THE  FRONT,  a  am 
(IB")  ABOVE  THE  FLOOR.  FULLING  UPWARD  WHIU 
KSSPINO  SHOULDERS  SQUARE  AND  OTHER  ARM 
RESTING  IN  LAP. 


FIGURE  47.  STATIC  ML1SCLE  STRENGTH  DATA 


(CONTINUED) 
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PULL:  SIDE  OF  SEAT. 


SiTTINQ  ERECT  WITH  REST  56  cm  iZT)  APART, 
DOMINANT  HAND  GRASPING  UNDERSIDE  OP 
0-RING  LOCATED  A  SNORT  DISTANCE  TO 
SIDE.  45  om  (lET*)  ABOVE  THE  FLOOR.  PULLING 
UPMIARD IMNILE  ICEEPtNG  SHOULDERS 
SQUARE  AND  OTHER  ARM  RfiSTINQ  IN  LAP. 


a  SEATED  T¥fQ^NDEP  PULL  CENTIRUNE.QF 
SEAT.  3t  HI  (15")  LEVEL 

SITTING  ERECT  WITH  FEET  SB  mOT)  APART.  BENDING 
SUGHTLY  AT  WAIST,  GflASPING  BOTH  SIDES  OF 
IB  MR  IT)  LONG  HANDLE  LOCATED  DIRECTLY  TO.THE 
FRONT.  St  «n  (ir)  ABOVE  THE  FLOOR.  PULLING 
UPWARD,  USING  ARMS  AND  SHOULDERS.  KEEPING 
ARMS  OFF  THIGHS. 


I.  SEATED  TWO-HANDED  PULL:  CENTERLINE  OF 

ttAT.'tfa'ayiuvgL . . . . 

SITTiNa  ERSCrwiTH  PEBT8B  mnOT)  APART.  BENDING 
SUGHTLY  AT  WAIST.  GRASPING  BOTH  SIOES  OF 
IB  MnITT  long  HANOU  LOCATED  DIRECTLY  TO  THE 
FRONT.  iD«iil2tn  ABOVE  THE  FLOOa  PULLING 
UPWARD,  UlINO  ARMB  AND  SHOULDERS.  KEiPINO 
ARMS  OFF  THIGHS. 


FIGURE  47.  STATIC  MUSCLE  STRENGTH  DATA 
<CONCLUOEO) 
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5.9.11.5  Handles  and  grasp  areas. 

5.9.11.5.1  General .  All  removable  or  carried  units  designed  to  be  removed 
and  replaced  shall  be  provided  with  handles  or  other  suitable  means  for 
grasping,  handling,  and  carrying  (where  appropriate,  by  gloved  or  mittened 
hand).  Items  requiring  handling  should  be  provided  with  a  minimum  of  two 
handles,  or  one  handle  and  one  grasp  area.  Items  weighing  less  than  4.5  kg 
(10  lbs)  whose  form  factor  permits  them  to  be  handled  easily  shall  be  exempt 
from  this  requirement  unless  specifically  directed  by  the  procuring  activity. 

5.9.11.5.2  Location.  Whenever  possible,  handles,  grasp  areas,  or  hoist 
points  shall  be  Tocated  to  preclude  uncontrolled  swinging  or  tilting  when 
lifted.  They  shall  be  located  to  provide  at  least  50  mm  (2  inches)  of 
clearance  from  obstructions  during  handling.  The  location  of  handles  shall 
not  interfere  with  installing,  removing,  operating  or  maintaining  the 
equipment. 


5.9.11.5.3  Nonfixed  handles.  Nonfixed  handles  (e.g.,  hinged  or  fold-out) 
shall  have  a  stop'  pbsiltion  Ydr  holding  the  handle  perpendicular  to  the  surface 
on  which  it  is  mounted  and  shall  be  capable  of  being  placed  into  carrying 
position  by  one  hand  (where  appropriate,  by  gloved  or  mittened  hand). 

5.9.11.5.4  Grasp  surface.  Where  an  item's  installation  requires  that  its 

bottom  surface  be  used  as  a  handhold  during  removal  or  installation,  a  nonslip 
grasp  surface  (e.g,,  grooved,  knurled,  or  frictional)  shall  be  provided. 

5.9.11.5.5  Handle  dimensions.  Handles  which  are  to  be  used  with  mittened, 

gloved,  or  ungloved  hands  shall  equal  or  exceed  the  minimum  applicable 
dimensions  shown  in  Figure  43. 

5.9.11.5.6  Handle  and  grasp  area  force  requirements.  Force  requireitjents  to 

operate  handle  and  grasp  areas  other  than  controVs  'c^  by  paragraph  5,4 

shall  not  exceed  the  values  in  Figure  21. 


5.9,11.5.7  Handle  material .  Handles  or  grasp  areas  used  with  bare  hands 
should  have  surfaces  that  are  not  thermally  (see  5.13.4.6)  or  electrically  . 
conductive.  The  surface  shall  be  sufficiently  hard  to  prevent  imbedding  of 
grit  and  grime  during  normal  use. 


5.9.12  Mounting, 

5.9.12.1  General .  Equipment  configuration  shall  preclude  Improper 
mounting. 

5.9.12.2  Tools.  Field  removable  items  shall  be  replaceable  by  using  only 
common  hand  tools. 

5.9.12.3  Removal .  Replaceable  items  should  be  removable  along  a  straight 
or  slightly  curved  line,  rather  than  through  an  angle. 
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ILLUSTRATION 


Curvtlurt  of  Hsitdl* 
or  Ed9« 

(Does  NOT 
PWeCLUOE 
USE  OP 

OVAL  hanolej:) 


DIMENSIONS  IN  mm  Gn  indiat) 

TYPE  OF 
HANDLE 

(Bert  Hend) 

X  Y  Z 

(Gloved  Hend) 

X  Y  Z 

(Mitterted  Hand) 

X  Y  Z 

Two-finger  bar 

32  65  75 

l1-1/4)(3-1/2)  13) 

38  75  76 

(1-1/2)  (3)  (3) 

Not  Applicable 

One-hand  bar 

48  m  75 
(1-7/8)140/8)  (3) 

50  125  100 
(2)  (S)  (4) 

75  135  150 

(3)  (5-1/4)  (6) 

Two-hand  bar 

48  215  75 

(1-7/8)  (8-1/2)  (3) 

50  270  1  00 

{2)(10*1/2}  (4) 

75  280  ISO 

(3)  (11)  (8) 

T-bar 

38  100  75 

(VI/2)  (4)  (3) 

SO  115  100 

(2)  (41/2)  (4) 

.Not  Applicable 

• 

J-bar 

SO  100  75 

(2)  (4)  D) 

so  115  100 

(2)  (41/2)  m 

76  125  150 
(3)  (S)  (8) 

Two-liitfar  reotu 

32  ^  SO 

(1-1/4)12-1/2)  (2) 

38  75  50 

(1-1/2)  (3)  (2) 

Not  Applicable 

On«-hand  reoen 

60  110  90 

(2)  141/4)  i3-L*2) 

90  1  35  100 

(3-1/2)  (6-1/4)  (4) 

90  135  125 

(3-1/21(6-1/4)  (6) 

FInser-tip  racats 

19  -  13 

(3/4)  (1/2) 

26-19 
(1)  (3/4) 

Not  Applicable 

One-finger  recau 

32  -  50 

(1-1/4)  (2) 

»  -  50 

(1-1/2)  (2) 

Not  Applicable 

of  Itxn 

Lip  to  6.8  K«(up  to  IS  Ibt) 
6.8  to  9.0  Hg  (IS  to  20  Ibil 
9.0  to  18  kq  (20  to  40  ibt) 
Ov«r  18  kg  (over  40  Ibil 
T  bar  Poit 


Minimum  Oitmtur 
D  •  6  mm  (li  in) 
0*13  mrti  ('/}  in) 
D  •  19  mm  (n  in  | 
0  25  mm  (l  in) 
T— 13mm  (V»  in) 


Gripping  cfficitnev  it  btit 
if  finger  can  curl  around 
handle  or  edge  to  any 

angle  of  ^  y  rad  (120^) 


or  molt). 


FIGURE  48.  MINIMUM  HANDLE  DIMENSIONS 
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5.9.12.4  A1 1 gnment .  Items  which  must  be  precisely  located  or  which 
incorporate  rack  and  panel  connectors  shall  utilize  guide  pins  or  their 
equivalent  tc  assist  in  alignment  during  mounting. 

5.9.12.5  Coding.  Coding  by  such  means  as  color  or  labels  shall  Identify 
the  correct  item  and  its  proper  orientation  or  replacement.  Where  required  to 
expedite  field  damage  repair,  wire  bundles  of  more  than  five  wires  shall  be 
label  and  color  coded. 

5.9.12.6  Rollout  racks,  slides  or  hinges.  Items  which  must  be  frequently 
pulled  out  of  their  installed  positions  tor  Inspection  or  maintenance  shall  be 
mounted  on  rollout  racks,  slides,  or  hinges.  Rollout  racks  mounted  in 
consoles  should  not  shift  the  center  of  gravity  to  the  extent  that  the  entire 
rack  or  console  falls.  If  this  possibility  exists,  the  console  or  rack  shall 
be  safely  secured. 

5.9.12.7  Limit  stops.  Limit  stops  shall  be  provided  on  racks  and  drawers 
which  are  required  to  be  pulled  out  of  their  installed  positions.  Rollout 
racks  and  drawers  shall  be  self-locking  in  the  retracted  and  extended 
positions.  The  limit  stop  design  shall  permit  convenient  overriding  of  stops 
for  rack  or  drawer  removal.  Unlocking  of  self-locking  provisions  should  be 
accomplished  by  one  hand. 

5.9.12.8  Interl ocks.  Interlocks  shall  be  provided  to  ensure  disconnection 
of  equipment  tKa't  would  otherwise  be  damaged  by  withdrawal  of  racks  or 
drawers.  Equipment  design  should  obviate  the  need  for  Interlocks. 

5.9.12.9  Hinged  mounting.  Hinged  Items  shall  be  provided  with  a  brace  or 
other  means  of  support  to  hold  equipment  in  the  “out**  position  for  maintenance 
if  it  is  not  free  to  rotate  and  remain  in  the  “out“  position  without  support. 

5.9.12.10  Lay-out .  Units  shall  be  laid  out  so  that  a  minirauin  of 
place-to-place  movements  will  be  required  during  checkout. 

5.9.12.11  Covers  or  panels.  Removal  of  any  replaceable  item  shall  require 
opening  or  removing  a  minfmufli  number  of  covers  or  panels. 

5.9.13  Conductors. 

5.9.13.1  Coding.  Cables  containing  individually  insulated  conductors  with 
a  comnion  sheaER^shal  1  be  coded.  The  coding  should  be  repeated  every  300  mm 
(12  In.)  along  their  entire  length. 

5.9*13.2  Cable  clamps.  Unless  wiring  ducts  or  conduits  are  used, 
mechanically  (not  adhesively)  mounted  cable  clamps  shall  be  provided  to  ensure 
correct  routing  of  electrical  cables  within  and  between  equipment  Items  to 
ensure  that  cables  do  not  hinder  or  obstruct  equipment  maintenance  and  to 
facilitate  the  mating  of  cables  with  their  associated  equipment  items,  and  to 
prevent  chaffing  due  to  contact  with  adjacent  structure. 
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5.9.13.3  Length.  Cables  shall  be  long  enough  so  that  required  checking  of 
any  functioning  item  can  be  accomplished  in  a  convenient  place.  Extension 
cables  shall  be  provided  where  this  is  not  feasible. 

5.9.13.4  Cable  routing.  Cable  routing  shall  not  obstruct  visual  or 
physical  access  to  equipment  for  operation  or  maintenance. 

5.9.13.5  Access.  Cables  shall  be  routed  so  as  to  be  accessible  for 
inspection  and  maintenance. 

5.9.13.6  Susceptability  to  abuse.  Cables  shall  be  routed  or  protected  in 
such  a  way  that  they  may  not  be  pinched  by  doors,  lids,  etc.,  walked  on,  used 
for  hand  holds,  or  bent  or  twisted  sharply  or  repeatedly. 

5.9.13.7  Cable  protection.  When  cables  must  pass  over  or  through  sharp 
edges,  insulation  shall  be  protected  from  fraying  or  other  damage  by  grommets 
or  equivalent  means.  Where  required,  cables  shall  be  wrapped  or  sealed  for 
NBC  survivability. 

5.9.13.8  Identification.  Cables  shall  be  labeled  to  indicate  the  equipment 
to  which  they  belong  and  the  connectors  with  which  they  mate.  All  replaceable 
wires  and  cables  shall  be  uniquely  identified  with  distinct  color  or  number 
codes  in  accordance  with  MIL-STD-681. 

5.9.14  Connectors. 

5.9.14.1  Use  of  quick  disconnect  plugs.  Plugs  requiring  no  more  than  one 
turn,  or  other  quick-disconnect  plugs,  shall  be  provided  whenever  feasible. 

5.9.14.2  Keying.  Plugs  shall  be  so  designed  that  it  will  be  impossible  to 
Insert  a  wrong  plug  into  a  receptacle. 

5.9.14.3  Identification.  Marking  of  electrical  connectors  shall  conform  to 
Requirement  '61  o?  'HlL'-5fti'-454.  Electrical  plugs  and  receptacles  shall  also  be 
identified  by  color,  shape,  size,  or  equivalent  means  to  facilitate 
identification  when  multiple,  similar  connectors  are  used  in  proximity  to  each 
other. 


5.9.14.4  A1 1 gnment .  Plugs  and  receptacles  shall  be  provided  with  aligning 
pins,  keyways,  or  equivalent  devices  to  aid  in  alignment  and  to  praclude 
inserting  in  other  than  the  desired  position. 

5.9.14.5  Aligning  pins  and  keyways.  The  configuration  of  aligning  pins, 
keyways  and  other  equivalent  devices  shall  Insure  that  alignment  is  obtained 
before  the  electrical  pins  engage  and  contact  is  made. 

5.9.14.6  Orientation.  Plugs  and  receptacles  shall  be  arranged  so  that  the 
aligning  pins,  keyways,  or  equivalent  devices  are  oriented  in  the  same 
relative  position. 
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5.9.14.7  Coding.  Plugs  and  receptacles  shall  have  durable  str1ps»  arrows, 
or  other  indications  to  show  the  positions  of  aligning  pins  or  equivalent 
devices  for  proper  insertion. 

5.9.14.8  Spaci ng.  Connectors  shall  be  spaced  far  enough  apart  so  that  they 
can  be  grasped  firinly  for  connecting  and  disconnecting.  Space  between 
adjacent  connectors,  or  between  a  connector  and  any  adjacent  obstructions, 
shall  be  compatible  with  the  sl2e  and  shape  of  the  plugs,  and  the  type  of 
clothing  worn  by  the  maintainer  (e.g.,  cold  weather  handwear,  NBC  gloves),  but 
shall  be  not  less  than  25  mm  (1  Inch),  except  where  connectors  are  to  be 
sequentially  removed  and  replaced  and  25  mm  (1”)  clearance  is  provided  in  a 
swept  area  of  at  least  1.5  yrad  (270®)  around  each  connector  at  the  start  of 
its  removal /replacement  sequence.  Spacing  shall  be  measured  from  the 
outermost  portion  of  the  connector,  i.e.,  from  the  backshall ,  strain  relief 
clamp,  dust  cover  or  EMI/RFI  shield.  Where  high  torque  is  required  to  tighten 
or  loosen  the  connector,  space  shall  be  provided  for  use  of  a  connector 
wrench. 


5.9.14.9  Testing  and  servicing.  The  rear  of  plug  connectors  shall  be 
accessible  for  testing  and  servicing,  except  where  precluded  by  potting, 
sealing,  or  other  requirements. 

5.9.14.10  Drawer  modules.  Drawer  modules  designed  for  “remove  and  replace" 
maintenance  shall  be  provided  with  connectu-s  mounted  on  the  back  of  the 
drawer  and  mated  with  connectors  in  the  cabinet  to  accomplish  electrical 
interconnection  between  the  drawer,  other  equipment  in  the  rack  and  external 
connectors,  where  feasible.  Guide  pins  or  equivalent  devices  shall  be 
provided  to  aid  in  alignment. 

5.9.14.11  Electronic  modules.  Replacen^ent  electronic  Items  (e.g.,  modules 
and  high-failure-rate  components)  should  be  provided  with  simple  plug-in, 
rack-and-panel  type  connectors, 

5.9.14.12  Disassembly  and  adapters.  Disassembly  of  connectors  to  change 
pin  connections  should  m  per¥orTnea  without  special  tools.  When  adapters  are 
required,  they  shall  be  capable  of  being  hand-tightened. 

5.9.14.13  Protective  covers.  If  protective  covers  are  required,  captive 
types  shall  be  used. 

5.9.15  Test  points. 

5.9.15.1  Adjustment.  Test  points  shall  be  located  sufficiently  close  to 
the  controls  ainS  displays  used  in  the  adjustment  so  that  maintainer 
place-to-place  movement  is  not  required  during  the  adjustment  process.  Test 
points  for  adjustment  shall  be  physically  and  visually  accessible  in  the 
installed  condition  by  the  maintainer  without  removing  other  Items. 

5.9.15.2  Trouble-shooting.  Sufficient  test  points  shall  be  provided  so 
that  it  win  not  be  necessary  to  remove  subassemblies  from  assemblies  to 
accomplish  trouble-shooting. 
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5.9.15,3  Marking  and  color  coding.  Marking  and  color  coding  shall  conform 
to  MIL-STD-4TF: 

5.9.16  Test  equipment. 

5.9.16.1  Storage.  Adequate  storage  space  shall  be  provided  within  portable 
test  equipment,  us  handling  case,  or  lid  to  contain  leads,  probes,  spares, 
manuals,  and  special  tools,  as  required  for  operation. 

5.9.16.2  Instructions.  Instructions  for  operating  portable  test  equiptaent 
shall  be  provided  on'  "the  face  of  the  test  equipment,  in  a  lid,  or  in  a  special 
compartment.  Instructions  shall  be  directly  readable  while  test  equipment  is 
being  operated.  Periodic  calibration  records  including  tolerance  check  values, 
shall  be  placarded  on  the  equipment  where  appropriate.  Where  applicable,  the 
Instructions  shall  include  a  reminder  to  calibrate  the  equipment  and 
calibration  procedures, 

5.9.17  Failure  indications  and  fuse  requirements. 

5.9.17.1  Indication  of  equipment  failure. 

5.9.17.1.1  Power  failure.  An  indication  shall  be  provided  to  reveal  when 
power  failure  occurs  (see  '5.2.2. 1.4).  All  mission  essential  electronic 
computer  and  peripheral  components  which  are  part  of  a  system  shall 
incorporate  an  automatic  self-check  diagnostic  of  software  and  hardware  at 
power  up  and  at  the  request  of  the  operator  to  assure  they  are  functioning 
properly. 


5.9.17.1.2  Out-of-tolerance.  A  display  shall  be  provided  to  indicate  when 
an  equipment  item  has  failed  or  is  not  operating  within  tolerance  limits, 

5.9.17.1.3  Critical  malfunctions.  If  equipment  is  not  regularly  monitored, 
an  audio  al arm  $ Hal 1  W  provided  'to  indicate  malfunctions  or  conditions  that 
would  cause  personnel  injury  or  equipment  damage.  If  auditory  alarro  would 
compromise  covert  operation  of  equipment,  alert  shall  be  a  visual  display. 

5.9.17.2  Fuses  and  circuit  breakers. 

5.9.17.2.1  General .  A  positive  indication  shall  be  provided  to  reveal  that 
a  fuse  or  circuit  breaker  has  opened  a  circuit. 

5.9.17.2.2  Replacement  and  resetting.  Fuses  shall  be  readily  accessible 
for  removal  and  replacement,  iio' other components  shall  require  removal  in 
order  to  gain  access  to  fuses.  No  special  tools  shall  be  required  for  fuse 
replacement  unless  required  by  Safety  considerations.  When  resetting  of 
circuit  breakers  is  permissable,  and  is  required  for  system  operation  during  a 
mission,  the  breakers  shall  be  located  within  reach  of  crew  members  in  their 
normal  operating  posture. 

5.9.17.2.3  l^rkings.  Equipment  served  by  the  fuse  or  circuit  breaker  shall 
be  identified  (n  accordance  with  section  5.5.  The  current  rating  of  fuses 
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Shan  be  permanently  marked  adjacent  to  the  fuse  holder.  In  addition, 

“SPARE"  shall  be  marked  adjacent  to  each  spare  fuse  holder.  Fuse  ratings 
shall  be  indicated  either  in  whole  numbers,  common  fractions  (such  as'/4A)i  or 
whole  numbers  and  common  fractions  (such  as  2V4A).  Labeling  of  fuses  and 
Circuit  breakers  shall  be  legible  in  the  anticipated  ambient  lllamination 
range  for  the  operator's  location. 

5.9.17.2.4  Circuit  breaker  controls.  Toggle  bat  and  legend  switch  actuated 
circuit  breakers  may  be  used  to  control  electrical  power.  Push-pull  type 
breakers  shall  not  be  used  as  power  switches. 

5.9.17.2.5  Circuit  breaker  dimensions  and  separations.  Dimensions  and 
separation  for  toggle  bat  actuated  brealc'ers  should  comply  with  Figure  13. 
Legend  switch  actuated  breakers  should  comply  with  the  dimension  and 
separation  criteria  shown  in  Figure  14.  Push-pull  actuated  circuit  breaker 
separation  should  comply  with  Table  XI. 

5.9.18  Printed  circuit  boards.  Printed  circuit  boards  shall  be  designed 
and  mounted  i^or  ease  "of  removal '  and  replacement,  considering  such  factors  as 
finger  access,  gripping  aids  and  resistance  created  by  the  mounting  device. 
Appropriate  feedback  shall  be  provided  to  Insure  that  the  technician  knows 
when  the  board  is  securely  connected.  Printed  circuit  boards  shall  be 
identified  in  accordance  with  HIL-STD-130  and  reference  designations  for  parts 
mounted  on  the  printed  circuit  board  shall  be  provided  in  accordance  with 
MIL-STO-454,  Requirement  67. 
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5<»10  Design  of  equipwent  for  remote  handling, 

5.10.1  Characteristics  of  equipment  to  be  handled  remotely. 

5.10.1.1  Alignment.  Sel f -al i gnment  devices  shall  be  provided  for 
components  which  must  be  joined  remotely. 

5.10.1.2  Disconnect.  Quick-disconnect  devices  shall  be  provided  to  reduce 
remote-handling  dfi^l^icul ti es , 

5.10.1.3  Fasteners.  All  fasteners  shall  be  captive  and  readily  replaceable 
by  remote-handling  techniques. 

5.10.1.4.  Lock  and  latching  mechanisms.  Each  lock  or  latching  mechanism 
shall  be  operable  from  a  single  point,  have  a  positive  catch,  and  provide  a 
clear  visual  indication  of  the  latch  position. 

5.10.2  Feedback.  Provision  shall  be  made  for  transmitting  information  from 
remote  work  areas  to  the  operator  of  the  remote-handling  system.  Visual 
information  shall  be  regarded  as  most  critical,  followed,  in  order,  by 
kinesthetic,  tactual,  and  auditory  feedback. 

5.10.3  Manipulators. 

5.10.3.1  Safety.  Power  manipulators  shall  be  provided  with  positive  stops 
to  prevent  acclclents. 

5.10.3.2  Characteristics.  For  tasks  which  require  manipulative  dexterity 
and  load  capacities  of  less  than  10  kg  {22  lb)  manipulators  with  the  following 
characteristics  should  be  provided: 

a.  Position  control  (i.e.,  zero-order  control  in  which  the  operator's 
control  output  directly  determines  tne  machine  output). 

b.  Mutual  force  reflection  between  control  and  effector. 

c.  Seven  degrees  of  freedom  in  motion  and  force  control  (i.e.,  three  for 
translation,  three  for  rotation,  and  one  for  gripping), 

5.10.3.3  Power  assist.  For  tasks  involving  gross  positioning  of  loads 
heavier  than  id  kg  (tZ  1b) ,  electrically  or  hydraulically  powered  manipulators 
with  rate  control  should  be  provided  (i.e,,  the  operator's  control  output 
directly  determines  the  rate  of  change  of  the  machine  output). 

5.10.4  Viewing  equipment. 

5.10.4.1  General .  A  viewing  system  shall  be  provided  which  gives  the 
operator  of  a  remote  manipulator  adequate  information  with  respect  to  the 
three  spatial  coordinates  of  the  workspace  (i.e.,  X,  Y,  and  Z). 
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5.10.4.2  Direct  viewing.  When  permitted  by  shielding  requirements, 
provision  shall be  made  for  the  operator  to  view  the  work  directly  through 
shielding  windows. 

5.10.4.3  Viewing  angle.  In  order  to  avoid  distortion,  requirements  shall 
be  minimized  for  direct  viewing  of  objects  either  near  the  viewing  window  or 
at  line-of-sight  angles  at  incidences  greater  than  60  degrees. 

5.10.4.4  Indirect  viewing.  Applicable  viewing  systems,  such  as  closed 
circuit  television  systems,  periscopes,  and  microscopes,  shall  be  provided  to 
supplement  direct  viewing,  where  required  by  specific  remote-handling 
situations. 

5.10.4.5  Coding.  Symbol-or  pattern-coding  should  be  used  in  preference  to 
color-coding  for  television  viewing. 

5.10.4.6  Lettering.  Letters,  numbers,  and  important  details  which  must  be 
viewed  by  means  of  television  shall  be  light  against  a  dark  background. 

Glazed  or  reflecting  surfaces  shall  be  avoided. 

5.10.4.7  Stereo  viewing.  The  two  Images  produced  by  a  stereoscopic 
periscope  shall  not  differ  more  than  2%  in  magnification  or  0,50  prism  diopter 
in  vertical  imbalance.  Horizontal  imbalance  shall  be  not  greater  than  0.50 
prism  diopter  so  as  not  to  be  fatiguing.  Light  transmittance  of  the  two 
optical  paths  should  be  within  10%  of  each  other, 

5.10.5  Illumination, 

5.10.5.1  Ref 1 ected  1 i ght .  Lighting  provided  in  remote  work  areas  shall  be 
such  that  reflected  light,  as  measured  at  the  operator's  work  station  (in 
direct  viewing),  will  conform  with  the  requirements  of  this  standard,  or  as 
otherwise  specified  by  the  procuring  activity. 

5.10.5.2  Threshold  viewing.  Monochromatic  lighting  should  be  provided  when 
viewing  conditions  are  near  threshold,  when  high  magnification  powers  are 
required,  or  when  the  operator  is  required  to  view  the  work  at  high  angles  of 
Incidence  through  refractive  materials. 
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5.11  Small  systems  and  equipment. 

5.11.1  Portability  and  load  carrying.  Individual  portions  of  equipment 
shall  be  desi gned  so  that ,  when  carried ,  the  weight  of  the  load  will  be 
distributed  through  as  many  muscle  groups  as  possible.  Pressure  should  be 
avoided  or  minimized  on  sensitive  areas,  including  large  blood  vessels,  nerves 
and  areas  lacking  muscular  padding.  Design  of  load-carrying  systems  shall 
consider  the  weight  and  distribution  of  individual  items  to  be  carried  by  the 
user.  The  weight  of  the  items  to  be  carried  varies  according  to  the  climatic 
zone,  mission  to  be  performed,  and  occupational  specialty.  See  Table  XXVI 
for  weights  of  representative  individual  items  that  an  infantry  rifleman 
carries  in  temperate  hot  weather  areas.  Load  carrying  systems  shall  be 
provided  with  a  quick-release  capability. 

5.11.1.1  Portability. 

5.11.1.1.1  Weight.  Individual  portions  of  equipment  may  weigh  up  to  16  kg 
{35  lb)  if  the  Toad  is  balanced  and  is  distributed  ever  many  muscle  groups  and 
it  is  not  necessary  for  the  individual  carrying  the  load  to  maintain  the  pace 
of  an  infantry  movement. 

5.11.1.1.2  Lifting  aids.  When  necessary,  lifting  aids  shall  be  provided  to 
permit  a  second  person  to  assist  the  porter  in  placing  the  load  on  the  body. 

5.11.1.1.3  Configuration.  The  load  should  be  designed  to  permit  freedom  of 
movement.  The  shape  of  the  load  should  be  free  of  sharp  edges  or  projections 
that  may  be  harmful  to  the  porter  or  snag  on  undergrovfth.  The  shape  and  weight 
of  the  load  should  not  interfere  with: 

a.  The  length  of  step. 

b.  Movements  of  the  head. 

c.  The  ability  to  raise  and  lower  the  load  when  going  over  obstacles. 

d.  The  ability  to  see  where  the  feet  are  placed  when  walking. 

e.  The  ability  to  squat. 

f.  Regulation  of  body  temperature. 

g.  The  maintenance  of  normal  posture. 

5.11.1.1.4  Carrying  by  two  persons.  Where  the  load  is  designed  for 
carrying  by  two  persons,  a  comofnatTon  of  stretcher  type  handles  and  shoulder 
support  should  be  used,  if  feasible. 

5.11.1.1.5  Standardization.  Maximum  use  should  be  made  of  standard  load 
carrying  systems  or  components. 
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TABLE  XXVI  .  TYPICAL  FIGHTING  AND  EXISTENCE  LOADS  (TEMPERATE  ZONE) 


APPROXIMATE  WEIGHT 

LOAD 

KILOGRAMS 

POUNDS 

fighting  load 

CLOTHING: 

PASGT  H«lni«t 

1.36 

3.00 

Batti*  Dran  Uniform 

1.73 

3.81 

PASGT  V««t 

3.86 

8.50 

Undarwir  (Summar)  and  Socio 

0.27 

0.60 

Bah;  vMitt,  wab  w/teiekia 

aoB 

0.20 

Booh,  laathar  (OMSI 

1.62 

3J6 

8.83 

19.47 

EQUIPMENT: 

RHIa  M16A1  w/30  rd  mapiint  and  ding 
Ammunhion  pouchai  (2  aa)  w/180 

3.B9 

7.91 

roundi  in  6  nwgaainat 

3.21 

7.07 

Hand  granadai  2  aa 

0.81 

2.00 

LAW  2  aa  or  ILAW  1  aa 

3.88 

8.50 

Camaan  1  qt  fillad  w/eup  and  coaar 

1.63 

3.60 

Cantaan  1  qt  fillad  w/co«ar 

1.36 

3.00 

Water  purtfioadon  taUats 

Individual  aquipmant  bait,  first  aid 

a03 

0.06 

paelcat  w/eaaa  and  tuapandan 

0.72 

1.69 

Intrandiing  tool  w/earriar 

1.14 

2.52 

Bayonat  M7  w/aeabard 

0.SB 

1.30 

Maak  CB  Protaotiva  w/hood 

1.36 

2.97 

Ponaho 

a77 

1.70 

ii.2r“ 

^l22 

EXISTENCE  LOAD: 

ALICE  Pack  medium  w/ttripi 

Ctiamkiai  Protaotiva  ovarearmant 

1.12 

Z46 

w/gloaaa  and  booti 

2.61 

S.75 

Cap,  utility 

aio 

&22 

Undarwaar  and  loekt,  2  aa 

a54 

1.20 

Paraonai  Hygiana  Kit 

1.20 

Z64 

Ratiom  MORE  3  aa 

1J3 

Z84 

Baq,  Slaapina,  iniarmadlata  cold 

a4o 

7.S0 

Mattfatt,  pnaumatio  inaulatad 
•iaahat  Plaid,  f  aa  w/gloaai,  laathar 

1.59 

'  3.60 

w/vmmI  inaart  1  pr 

1.94 

4.28 

Baft  waaarpraof  1  aa 

0.34 

a76 

1A17 

3li4 
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5.11,1.2  Transportabi 1 i ty  by  personnel .  Systems  which  include  a 
requirement  for  transportabiTuy  by  personnel  shall  conform  to  the  following 
provisions: 


5.11.1.2.1  Weight.  Individual  portions  of  equipment  should  be  designed  to 
weigh  as  little  as  possible  if  the  system  is  to  be  manually  transported  by  an 
individual  on  foot  while  maintaining  pace  with  an  infantry  movement. 

5.11.1.2.2  Load  carrying.  The  total  load  carried  by  an  individual, 
including  clothing,  weapons  and  equipment  for  close  combat  operations  should 
not  exceed  30%  of  body  weight  and,  for  marching,  45%  of  body  weight.  Where 
personnel  with  5th  percentile  body  weight  must  be  accommodated,  the  total  load 
for  close  combat  operations  should  not  exceed  16,3  kg  (36  lb)  and,  for 
marching,  24.5  kg  (54  lb). 

5.11.1.2.3  Lifting  aids. 

a.  Units  for  which  no  back-packing  aids  are  required  shall  be  equipped 
with  handles  suitable  for  two-handed  lifting  and  carrying. 

b.  The  provisions  of  sections  5,9.11.5.1,  5.9.11.5.3,  and  5.9.11.5,5 
shall  apply. 

c.  One-person  back-packed  loads  over  20  kg  (44  lbs)  shall  be  designed, 
and,  if  necessary,  provided  with  lifting  aids  to  permit  a  second  person  to 
assist  the  porter  in  placing  the  load  on  the  body. 

5.11.1.2.4  Back-packing  aids.  Back-packing  aids  shall  be  designed  to 
distribute  the  load  over  as  many  muscle  groups  as  possible  by  means  of  buttock 
and  hip  supports  in  addition  to  padded  shoulder  straps.  Backpacking  aids 
shall  be  designed  to  bring  the  center  of  gravity  of  the  load  as  close  to  the 
porter's  spine  at  the  waistline  as  possible,  without  any  part  of  the  load 
actually  contacting  the  body.  Load-carrying  design  shall  minimize  application 
of  pressure  or  compression  to  the  chest  or  armpits  and  eliminate  local  strain 
by  transmitting  weight  to  the  ground  through  bone.  Aids  shall  not  produce 
laterally  unbalanced  loads,  Interfere  with  normal  head  movements,  limit 
squatting,  Interfere  with  walking  or  climbing  over  low  obstacles.  Interfere 
with  movements  of  the  shoulder  girdle,  produce  strain  on  the  shoulder  muscle 
or  interfere  with  regulation  of  body  temperature. 

5.11.1.2.5  Projections.  Loads  shall  be  designed  with  a  minimum  of 
projections  to  prevent injury  to  personnel  or  entanglement  in  undergrowth. 
Covers  or  cases  may  be  provided  to  meet  this  requirement,  as  specified  by  the 
procuring  activity. 

5.11.1.2.6  Standardization.  See  5.11.U1.5. 

5.11.2  Tracking. 
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5.11.2.1  Gunner  environment.  Obscuration,  shock  and  vibration  should  be  so 
minimized  as  to  permit  resumption  of  tracking  rapidly  after  firing,  where 
required. 


5.11.2.2  Crank  size.  The  size  of  tracking  cranks,  where  used,  shall  be  a 
function  of  rotation  speed  required.  Within  the  parameters  of  Figure  10, 

a.  Maximum  speed  should  be  between  140  to  200  RPM, 

b.  Crank  radius  should  be  between  55  mm  (2.2  in)  and  115  mm  (4,5  in): 

(1)  High  RPM  requirement:  smaller  crank  radius, 

(2)  Low  RPM  requirement:  larger  crank  radius, 

5.11.2.3  Two-dimensional  tracking.  A  single  control  should  be  used  for 
two-dimensional  tracking  rather  than  separate  controls  for  each  dimension. 

5.11.2.4  Supports.  Where  a  joy  stick  is  used  for  tracking,  a  hand,  wrist, 
or  forearm  support  (as  appropriate)  should  be  provided. 

5.11.2.5  Compatibility,  Movement  of  the  tracking  control  shall  be 
compatible  with  expected  or  conventional  control  movements, 

5,11.3  Optical  instruments  and  related  equipment. 

5.11.3.1  General .  This  section  pertains  only  to  direct-view,  yisual 
optical  systems,  the  Information  is  presented  in  order  that  human 
capabilities  and  limitations  can  be  considered  in  the  design,  engineering, 
operation  and  maintenance  of  military  optical  equipment.  Detailed  instrument 
parameters,  characteristics,  etc,,  shall  be  a  function  of  governing  military 
applications  and  user  requirements. 

5.11.3.2  Visual  accommodation.  Any  adjustment  of  the  eyes  beyond  normal 
functional  abi 1 i ty  sha1 t  not  be  requi red . 

5.11.3.3  Viewing  angle.  Optical  instruments  shall  be  oriented  so  that  they 
are  presented  to  the  operator  at  an  angle  comfortable  for  viewing. 

5.11.3.4  Magnification. 

5.11.3.4.1  General .  Instrument  magnification  shall  be  sufficiently  high  to 
permit  performance  of  the  required  application,  such  as  detection, 
recognition.  Identification,  laying,  etc, 

5.11.3.4.2  Unstabilized,  unsupported  handheld  sights.  Because  of  hand 
tremors  and  body  motion,  magnificat'! on  of  unstabi'lized,  unsupported  handheld 
sights  should  not  exceed  the  following: 
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a.  Rifle  and  pistol  telescopic  sights;  4  power. 

b.  Monoculars  or  binoculars:  8  power. 

5.11.3.4.3  Multiple  magnification  reouirements.  If  more  than  one 
magnification  is  required,  two  or  more  discrete  magnifications  should  be 
provided  for  optimum  image  quality  and  boresight  integrity.  Varifocal  (zoom) 
systems  should  be  considered  for  use  only  in  systems  where  sighting  accuracy 
is  relatively  unimportant  and  it  results  in  overall  simplification. 

5.11.3.5  Field-of-view.  Field  of  view  shall  be  compatible  with  intended 
use  and  optical -mechanical  design  limitations. 

5.11.3.6  Entrance  pupil.  The  entrance  pupil  shall  be  equal  to  the  product 
of  the  magnifi elation  and  the  exit  pupil  diameter  and.  therefore,  defined  by 
these  parameters. 

5.11.3.7  Exit  pupil . 

5.11.3.7.1  General .  The  diameter  of  the  exit  pupil  should  be  consistent 
with  intended  use  and  size/ weight  limitations. 

5.11.3.7.2  Davl i oht .  For  daylight  application  the  exit  pupil  diameter 
should  not  be  less  than  3  mm  (0.12  in), 

5.11.3.7.3  Low  light  levels.  For  maximizing  performance  at  twilight  and 
lower  light  levels,  the  exit  pupil  should  be  not  less  than  7  mm  (0,28  In). 

5.11.3.8  Eve  relief.  A  long  eye  relief  e.g.,  25  mm  (1  in),  is  ordinarily 
desirable  for  vehicular  mounted  sights  to  provide  the  observer  protection  from 
gun  recoil,  to  observe  on  the  move,  and  to  afford  some  field-of-view  while 
wearing  a  protective  mask.  The  required  eye  relief  depends  upon  the 
particular  application,  but  shall  be  at  least  15  mm  (0.6  in)  to  permit  use  by 
observers  wearing  glasses,  when  recoil  is  not  encountered, 

5.11.3.9  Eyepiece  adjustments. 

5.11.3.9.1  4-Power  and  less.  Fixed  focus  eyepieces  set  between  -0,50  and 
-1.00  diopter  may  be  utilized  for  instruments  4-power  and  less. 

5.11.3.9.2  Over  4-power.  Eyepiece  dioptric  (focusing)  adjustments 

(-4  to  +2  diopters  required,  -6  to  ♦2  diopters  desired)  shall  be  provided  and 
marked  in  0.5  diopter  increments  on  all  instruments  over  4-power  magnification. 

5.11.3.10  Optical  quality. 

5,11,3,10.1  Axial  resolution.  Axial  resolution  shall  be  equal  to  or  better 

than  300  prad  (1  min)  divided  by  the  magnification  to  provide  an  eye-limited 
i nstrument. 
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5.11.3.10.2  Luminous  transmission.  Luminous  transmission  should  be  as  high 
as  possible,  preferably  greater  than  50%. 

5.11.3.11  Reticles. 

5.11.3.11.1  Line  thickness'.  Reticle  lines  shall  be  thin  enough  so  as  not 
to  obscure  targets,  but  thick  enough  to  be  easily  seen.  Reticle  lines  should 
subtend  a  minimum  of  600  wrad  (2  rain)  at  the  eye. 

5.11.3.11.2  Patterns.  Reticle  patterns  sliou'ld  be  as  simple  as  possible  and 
restricted  to  one  main  mission  (e.g,,  major  weapon  ballistic  scales)  per 
reticle  glass.  Additional  patterns  should  be  on  separate  reticle  glasses  If 
added  complexity  Is  warranted  for  the  particular  application. 

5.11.3.11.3  Format.  Line  reticles  should  be  used  in  preference  to  reticles 
containing  one,  two,  or  three  central  spots*  A  small  cross  or  very  small 
circle  should  be  used  in  preference  to  a  dot. 

5.11.3.11.4  Parallax.  The  reticle  should  be  focused  to  the  target  range  of 
primary  interest  to  limit  the  parallax  to  an  acceptable  value  throughout  the 
usable  range. 


5.11.3.12  Illuminated  sights  and  reticles. 

5,11.3.12.1  Night  operations.  Illuminated  reticles  shall  be  provided  for 
sights  to  be  used  dur'l ng  twH  1  ght  or  night  operations, 

5,11,3,12*2  Color,  Blue  shall  not  be  used  as  the  color  of  illumination  for 
reticles  or  sights 7“ 

5.11,3*12.3  pimwl ng.  It  shall  be  possible  to  gradually  lower  the  luminance 
of  a  sight  until  It  n  extinguished. 

5.11.3.12.4  Ill umi nation  level.  The  illumination  level  of  a  sight  (once  an 
adjustment  Is  maifel  shall  remain  fixed  under  all  conditions  of  vibration, 

5.11.3.12.5  Uniformity.  Illuminated  sights  shall  be  evenly  illuminated  by 
means  of  an  opal  dfmser  or  similar  device. 

5.11.3.12.6  Reticle  lines.  Reticle  lines  for  illuminated  sights  should  be 
150  urad  (0.5  m'In)  vlsua)  angle  or  more  in  thickness.  They  shall  be  thin 
enough  so  as  not  to  obscure  targets,  but  thick  enough  to  be  easily  seen.  In 
any  case,  their  thickness  should  not  exceed  600  urad  (2  min), 

5.11.3.13  Bi nocul ars/bi ocul ars . 

5.11.3*13.1  Biocular  viewing.  Where  continuous  use  of  a  sight  under  low 
levels  of  illuminailon  wilt  exceed  one  minute,  the  single  optical  train  shall 
be  provided  with  two  eyepieces.  If  this  does  not  lead  to  unacceptable  light 
losses. 
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5.11.3.13.2  Eyepiece  separation.  Binocular/bi  ocular  instruments  should 
have  an  eyepiece  separation  scaled  from  50  to  73  millimeters  with  one 
millimeter  interval  markings. 

5.11.3.13.3  Magnification  differences.  Magnification  differences  of  the 
two  barrels  shoulo  not  exceed 

5.11.3.13.4  Luminous  transmission  differences.  Luminous  transmission 
differences  of  the  two  barrels  should  not  exceed  5%. 

5.11.3.13.5  Matched  oculars.  To  avoid  size  differences  in  the  images 
supplied  to  the  two  elye's,  hence  eyestrain  and  headache  or  both,  oculars  shall 
be  matched  in  focal  length,  i.e.,  shall  be  matched  pairs. 

5.11.3.13.6  Weight.  Weight  of  handheld  b1noculars/b1 oculars  should  not 
exceed  1  kg  (2.2  "pounds)  and  shall  not  exceed  1.5  kg  (3.3  pounds). 

5.11.3.13.7  Size  and  configuration.  Instrument  size  and  configuration 
shall  be  compatible  with  anthropometric  requirements  of  5.6. 

5.11.3.14  Eyecups  and  headrests.  Any  optical  instrument  requiring  steady 
orientation  of  the  eyes  sha)l  be  provided  with  a  headrest  or  eyecups,  or  both. 

5.11.3.14.1  Eyecups.  Eyecups  shall  be  provided  to  maintain  proper  eye 
relief,  eliminate  "stray  light  and,  when  required,  to  protect  or  cushion  the 
eyes  and  orbital  region  against  impact  with  the  eyepieces.  The  radii  of 
Figure  49  define  a  surface  of  revolution  within  which  a  satisfactory 
symmetrical  eyepiece  and  cup  must  be  designed  if  interferences  with  facial 
features  are  to  be  avoided.  These  should  be  applied  to  cushion  forms  when 
they  are  compressed  to  the  maximum. 

5.11.3.14.2  Headrests/browpads .  A  headrest  or  brow  pad  shall  be  used  to 
absorb  energy  ifcH  wou1  o "be  injur i ou s  to  the  operator's  head, 

5.11.3.14.3  Compatibility  with  clothing  and  personal  equipment.  Eyecups 
and  headrests  shaiT  i  Ve  compatible  wl  t>i  helmets,  protect  "I  ve  masks,  and  other 
clothing  and  personal  equipment. 

5.11.3.15  Accessories. 

5.11.3.15.1  Filters. 

5.11.3.15.1.1  General .  Light  filters,  removable  from  the  optical  path, 
should  be  provi de<f  to  reduce  glare,  light  Intensity,  or  protect  the  observer's 
eyes  against  hazardous  light  levels.  Provisions  should  be  made  for  filter 
stowage,  where  applicable. 

5.11.3.15.1.2  Use.  Use  of  color  or  neutral  density  filters  will  depend 
upon  the  applicatTon.  For  use  in  observing  bright  light  sources,  neutral 
filters  should  be  considered  for  reducing  overall  brightness  without  affecting 
contrast.  The  use  of  polarizing  filters  should  be  considered  where  Is  it 
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necessary  to  reduce  glare  and  increase  apparent  contrast  from  sun,  snow,  or 
water. 


5.11.3.15.2  Shutters.  Shutters  having  closure  and  reopening  times 
appropriate  for  each  application  may  be  provided  in  lieu  of  fixed  filters  to 
protect  the  observer  exposed  to  flashes  from  weapon  systems,  lasers  or  nuclear 
devices.  Shutters  for  protection  from  the  observer's  own  weapon  system  flash, 
which  may  be  actuated  just  before  the  weapon  is  fired,  shall  not  disturb  the 
lay  of  the  weapon  before  closing  nor  unnecessarily  Impede  the  observation  of 
the  projectile  flight  path  or  resultant  impact. 

5.11.3.15.3  Positioning  aids.  Level  vials,  scales,  pointers  and  other 
devices  required  for  posnioning  the  Instrument  shall  be  readily  visible  and 
protected  from  damage  of  displacement. 

5.11.3.16  Environmental  conditions.  Carrying/transport  cases  should  be 
provided  for  instruments  to  be  hand-carried  or  mounted/dismounted  separately. 
Instruments  to  be  utilized  under  severe  environmental  conditions  should  be 
designed  to  take  into  consideration  the  special  clothing,  headgear,  protective 
masks  or  other  ancillary  equipment  required  by  the  operator,  affecting 
controls,  eyepieces,  eyecups,  headrests  and  other  operator  interfaces. 

5.11.3.17  Lighting.  Means  shall  be  provided  for  illumination  of  internal 
and  external  scales ,1 evel  vials,  etc.,  under  low  light  level  conditions. 
Continuously  variable  control  of  illumination  shall  be  provided  as  required  by 
weapon  system  characteristics.  Illumination  under  low  light  level  conditions 
shall  be  designed  to  minimally  affect  the  dark  adaptation  of  the  observer.  Red 
illumination  or  red  filters  should  be  used  to  maintain  dark  adaptation. 

5,U.3.18  Maintenance. 


5.11.3.18.1  Modular  design.  When  practical,  optical  equipment  should  be 
developed  ut i  1  i zT rig  modu t ar  des i gn  to  provide  for  interchangeability  of 
optical  subassemblies. 

5.11.3.18.2  Positioning  aids.  Built-in  aligning  devices  and  other  aids 
should  be  used  whe reve r  pos s 1 fete  for  ease  of  positioning  optical  assemblies 
within  an  Instrument  or  optical  modules  that  have  multiple  applications  in 
equipment. 


5.11.3.18.3  Quick  release.  Quick-release  methods  of  removing  optical 
instruments  should  ^  "us^  wherever  practical. 

5.11.3.18.4  Coll imation.  Optical  insf^uments  should  be  provided  with 
built-in  col 1 imation  featupes  to  allow  field  adjustment. 

5.11.3.18.5  Purging  and  charging.  Where  periodic  purging  and  charging  of 
optical  Instrumenis  are  requireo,  an  instruction  plate,  indicating  time  interval 
and  pressure  requirements  shall  be  provided  on  the  instrument.  Purging  and 
charging  fittings  Shall  be  accessible  for  required  maintenance. 
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5.11.3.18.6  Component  replacement.  Internal  components  such  as  light  bulbs 
that  require  frequent  replacement,  checkout  or  maintenance  should  be  easily 
accessible,  removable  without  special  tools,  and  replaceable  without  removal 
or  disassembly  or  other  components.  Components  that  require  frequent 
replacement  and  frequently  used  special  tools  and/or  equipment  shall  be 
readily  accessible.  Provision  should  be  made  for  storage  of  such  components 
and  tools  in  or  on  the  specific  equipment.  This  particularly  applies  to  items 
such  as  light  bulbs  whose  failure  could  make  the  instrument  Inoperable. 

5.11.3.18.7  Boresiqhtinq. 

5.11.3.18.7.1  Positive  locks.  Boresight  knobs  shall  be  provided  with  a 
positive  lock.  (The  bordsighting  settings  shall  not  be  changed  when  locking.) 

5.11.3.18.7.2  Lock.»unlock  resistance.  Boresight  knob  locks  shall  not 
require  more  than  45  (lO  pounds) “resistance  to  lock  and  unlock. 

5.11.3.18.7.3  Adjustment  operation.  Boresight  adjustment  knobs  should  be 
capable  of  being  1  ocketf ,  unloclceef ,  and  adjusted  by  suitably  clothed  and 
equipped  users  with  hand  dimensions  varying  between  the  5th  and  95th 
percentiles. 
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5.12  Operational  and  maintenance  ground/shipboard  vehicles. 

5.12.1  General .  Handles,  levers,  pedals,  knobs,  and  workspace  dimensions 
shall  be  designed  to  enhance  effective  vehicle  operation  by  suitably  clothed 
and  equipped  users  with  relevant  body  dimensions  varying  between  5th  and  95th 
percentiles.  (See  5.6.1.) 

5.12.2  Seating. 

5.12.2.1  Dimensions  and  clearances.  Seating  for  vehicle  operators  should 
follow  the  dimensions  and  clearances  recommended  in  Figures  50  and  51  and 
Table  XXVII  as  applicable. 

5.12.2.2  Vertical  adjustment.  If  the  seat's  height  above  the  floor  is 
variable,  requirements  for  leg  room  and  footrest  will  also  vary.  When  the 
seat  is  adjusted  higher,  there  will  be  more  leg  room  and  larger  footrest 
angles. 


5.12.2.3  Horizontal  adjustment.  Seats  shall  adjust  at  least  150  mm  (6  in) 
in  the  fore-a^t  di recti bn. 

5.12.2.4  Back-rest  angle.  Back-rest  angle  should  be  not  more  than 

1920  mrad  (11(5'^)  f row  hdri zontal ,  If  only  the  Iwnbar  area  is  supported,  the 
backrest  angle  of  tilt  should  be  1660  to  1745  mrad  (95  to  100*)  for  operators 
in  an  alert  position. 

5.12.2.5  Seat  pan.  The  seat  pan  shall  be  flat  and  made  from  a  rigid 
material. 


5,12*2.6  Seat  padding.  Seat  padding  should  be  kept  to  a  minimum,  but  it 
should  be  resitieni  enough  to  keep  the  operator's  body  from  contacting  the 
seat  bottom  during  severe  vibration.  Seat  padding  made  of  foam-type  material 
should  be  adequately  ventilated, 

5.12.2.7  Seat  belts.  All  administrative  type  vehicles  shall  have  safety 
seat  belts.  Seat  belts  should  be  installed  on  other  type  vehicles  except  when 
they  Interfere  with  operational  require^nts. 

5.12.3  Control  $ . 

5.12.3.1  Design.  Controls  shall  be  designed  so  as  not  to  be  adversely 
affected  by  BTitonion,  shock  or  vibration  of  the  vehicle. 

5.12.3.2  Steering.  In  case  of  power  steering  assist  failure,  the  steering 
gear  shall  afford  the  operator  sufficient  mechanical  advantage  to  guide  the 
vehicle  during  an  esfiergency  stop  or  during  low-speed  operation  (See  Table  IX 
for  quantitative  data.) 

5.12.3.3  Pedals.  Foot  pedals  shall  be  designed  to  accept  the  weight  of  the 
operator's  foot  without  initiating  control  action. 
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FIGURE  31.  RECOMMENDED  CLEARANCES  AROUND  EQUIPMENT 
OPERATOR'S  STATION  (See  Table  XXVII) 
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TABLE  XXVii  .  RECOMMENDED  CLEARANCES  AROUND  EQUIPMENT 
OPERATORS  STATION  TO  ACCOMODATE  THE  95th  PERCENTILE 
SOLDIER  DRESSED  IN  ARCTIC  CLOTHING.  OPERATOR  SEAT  IN 
REAR  MOST  POSITION  (Figurt  51) 


A.  ELBOW  (DYNAMIC) 

910  mm  (38  in.) 

B.  ELBOW  (STATIC) 

710  mm  (28  in.) 

C.  SHOULDER 

580  mm  (23  in.) 

D.  KNEE  WIDTH  (MINIMUM) 

4BOmm  (18  in.) 

E.  KNEE  WIDTH  (OPTIMUM) 

810  mm  (24  in  J 

P.  BOOT  >  PROVIDE  ADEQUATE  CLEARANCE  TO  OPERATE  BRAKE 
PEDAL  WITHOUT  INADVERTENT  ACCELERATION  OPERATION 

ISO  mm  (5  in.) 

6.  PEDALS  (MINIMUM) 

SO  mm  (2  in.) 

H.  BOOT  -  PROVIDE  ADEQUATE  CLEARANCE  TO  OPERATE 
ACCELERATOR  WITHOUT  INTERFERENCE  BY  BRAKE  PEDAL 

ISO  mm  (6  in.) 

t.  HEAD  (8RP  TO  ROOF  LINE) 

1070  mm  (42  in.) 

2.  ABDOMINAL  (SEAT  BACK  TO  STEERING  WHEEL) 

410  mm  (18  In.) 

3.  FRONT  OF  KNEE  (SEAT  BACK  TO  MANUALS/CONTROLS 

ON  DASH) 

740  mm  (29  in.) 

4.  SEAT  DEPTH  (SEAT  REFERENCE  POINT  TO  FRONT  EDGE 

OF  SEAT  PAN) 

410  mm  (16  in.) 

6.  THIGH  -  UNDER  SIDE  OF  STEERING  WHEEL  TO  SEAT  PAN 

S40mm(9Ein.) 

6.  SEAT  PAN  HEIGHT 

380  mm  (15  in.) 

7.  BOOT  (FRONT  OF  SEAT  PAN  TO  HEEL  POINT  OF 

ACCELERATOR) 

3B0mm(14in4 

B.  MINIMUM  MITTEN  CLEARANCE  AROUND  STEERING  WHEEL 

76  mm  (3  in.) 

8.  KNEE  -  LEG  -  THIGH  (BRAKE  -  CLUTCH  PEDAL)  TO  LOWER 

EDGE  OP  STEERING  WHEEL 

SBO  mm  (28  in.) 
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5.12.3.4  Control  of  hazardous  operations.  The  operation  of  switches  or 
controls  which  inUlate  hazardous  operations  shall  require  the  prior  operation 
of  a  locking  control. 

5.12.4  Operating  instructions. 

5.12.4.1  Provision  of  operating  instruction.  Operating  instructions  shall 
be  provided  for  all  vehicles  and  vehicle  equipment,  except  where  the  mode  of 
operation  will  be  obvious  to  all  potential  operators. 

5.12.4.2  Format.  Information  shall  be  presented  in  the  form  of  diagrams 
whenever  possTBTiT 

5.12.4.3  Spe«l  notice.  Maximum  permissible  road  speeds  in  each  gear  and 
range  shall  be  indicated.  On  vehicles  for  which  all  road  speeds  are  limited 
by  engine  speed,  a  red  line  on  the  tachometer  (if  so  equ1pp^)»  at  maximum 
engine  RPM,  may  be  used  in  lieu  of  a  speed  placard, 

5.12.4.4  Shift  handle  positions.  Operating  positions  of  shift  handles* 
such  as  transmission,  power  take-off*  winch-control,  and  transfer  case 
mechanisms  shall  be  illustrated. 

5.12.4.5  Control  movements.  Control  movements  shall  be  shown  in  planes 
parallel  to  the  movement  of  the  actual  controls. 

5,12.4.6,  General  1 abel 1 nq  cr 1 teri a .  Identification  and  Instruction 
markings  shall  conform  with  the  "criteria  for  labeling  contained  in  this 
standard. 


5.12.5  Visibility. 

5.12.5.1  Night  operation.  Indicators  required  by  the  vehicle  operator 
during  night  opemi on  shall  be  lllwninated.  The  display  lianinance  shall  be 
adjustable  from  0.1  to  3.5  cd/m*  (0,03  to  1.0  ft-L).  Blackout  lighting 
systems,  if  required,  shall  be  designed  to  preclude  accidental  operation  of 
external  lights  and  signals. 

5.12.5.2  Visual  field.  The  operator  shall  have  forward  visibility  through 
a  lateral  visuaY  field  of  at  least  wrad  (180®)  and  preferably  3840  mrad 
(220®), 

5.12.5.3  Ground  view.  Trucks  should  be  designed  to  enable  the  operator,  in 
the  normal  ope  rat 1 ng  pos 1 1 i on ,  to  view  the  ground  at  all  distances  beyond  3  m 
(10  feet)  in  front  of  the  vehicle.  When  necessary,  mirrors  may  be  used  to 
meet  this  requirement,  if  tactical  requirements  permit.  Upward  visibility 
shall  extend  to  at  least  260  mrad  (15®)  above  the  horizontal. 
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5.12.5.4  Rear  view  (vehicle).  Side  and  rear  enclosures  should  be  designed 
to  permit  the  operator  to  view  the  rear  of  the  vehicle  in  order  to  observe  the. 
load  and  to  facilitate  trailer  attachment  and  backing  maneuvers.  If  mirrors 
are  used  to  meet  this  requirement,  they  shall  conform  to  Requirement  111  of 
MIL-STB-1180. 

5.12.5.5  Rear  view  (roadl.  A  glare-proof,  west  coast  type  and  spotter 
rearview  mirror  shall  be  provided  on  each  side  of  the  cab,  located  in  such  a 
manner  as  to  afford  the  operator  rearward  vision  from  the  normal  operating 
position.  Outside  rear  view  mirrors  for  automotive  vehicles  should  conform  to 
Requirement  111  of  MIL-STD-1180. 

5.12.5.6  Glare.  Appropriate  use  shall  be  made  of  visors  or  other  means  to 
preclude  performance  degradation  due  to  glare  from  external  sources  such  as 
sunlight  or  headlights  except  that  windshields  or  other  transparent  areas 
through  which  high  acuity  vision  is  required  shall  not  be  tinted  or  colored. 

5. 12. '5. 7  Windshields  and  windows.  Transparent  materials  selected  for 
windshields  and  windows  shall  be  shatter-proof  and  shall  neither  distort  nor 
obscure  vision. 

5.12.5.8  Windshield  wipers  and  washers.  Windshield  wipers  and  washers 
shall  be  provided.  Blades  shalT  return  to  the  stored  position  when  turned 
OFP.  Provision  shall  be  made  for  manual  operation  In  event  of  power  failure. 

5.12.5.9  Fork  lifts.  The  configuration  of  fork  lift  mechanisms  and  fork 
lift  truck  cabs  shall  permit  the  operator  to  have  direct  view  of  the  tips  of 
the  forks  In  all  typical  modes  of  material  loading  and  In  all  likely  operator 
positions. 


5.12.6  Heating  and  ventilation. 

5.12.6.1  Heating.  The  crew  compartment  shall  be  provided  with  a  heating 
system  capabi e  of  ma 1 ntal n1 ng  temperatures  above  20®C  (68*F)  during  occupancy 
when  personnel  are  not  wearing  Arctic  clothing  and  exposure  Is  for  extended 
duration  (I.e.,  more  than  3  hours).  When  arctic  clothing  Is  worn,  cab  heaters 
shall  be  capable  of  maintaining  a  reference  temperature  of  not  less  than  5®C 
(41“F)  at  the  minimum  ambient  design  temperature  with  the  vehicle  moving  at 
two-thirds  maximum  speed  and  the  defrosters  operating  at  maximum  capacity. 

The  reference  temperature  is  measured  610  mm  (24“)  above  the  seat  reference 
point  of  each  operator/passenger  position.  Air  temperatures  around  any  part 
of  the  operator/passenger's  body  shall  not  vary  more  than  ±5®C  {49®F).  The 
heater  shall  achieve  these  requirements  within  one  hour  after  It  Is  turned  on. 

5.12.6.2  Ventilation.  Outside  fresh  air  shall  be  supplied  at  minimum  rate 
of  0.57  m5  {20  ft5)/tnln. /person.  Air  flow  rates  for  hot-climate  operation 
(temperatures  above  32*C  (90*F)  shall  be  maintained  between  4.2  and  5.7 
(150  and  200  ft^) /min. /person,  unless  air  conditioning  or  Individual 
(microclimate)  cooling  Is  provided.  Air  velocity  at  each  person's  head 
location  shall  be  adjustable  either  continuously  or  with  not  less  than  three 
settings  (OFF,  LOW  and  HIGH)  from  near  zero  to  at  least  120  m  (400  ft)/rainute. 
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S. 12. 6.3  Visibility.  The  heating-ventilating  system  shall  be  designed  to 
minimize  degradation  of  visibility  due  to  frosting  or  misting  of  the 
windshield. 

5.12.7  Trailers,  vans,  and  Intervehicular  connections. 

5.12.7.1  Trailers. 

5.12.7.1.1  Brake  controls.  Trailer  brake  controls  shall  be  located  so  that 
an  operator  can  reach  them  while  restraining  or  positioning  the  trailer 
manually.  The  controls  shall  not  be  located  on  the  side  of  the  trailer 
exposed  to  road  traffic. 

5.12.7.1.2  Posi t1 onl ng  control s .  Component  trailers  should  be  designed 
with  precise  positioning  controls  when  the  trailer  will  be  used  to  mate  parts. 

5.12.7.1.3  Tie  downs.  Munitions  tie-down  facilities  on  stores  trailers 
shall  be  designed  to  be  easily  Installed  and  removed. 

5.12.7.1.4  Landing  gear  lock.  Landing  gear  lock  and  release  shall  be 
capable  of  being  nano  or  foot-operated. 

5.12.7.2  Vans.  The  criteria  herein  shall  apply  to  trailer  vans  and 
transportable  enclosures  which  serve  as  shelters  for  personnel  or  equipment, 
and  which  require  occupancy  by  personnel  for  operational  or  maintenance  tasks 
In  excess  of  one  hour,  on  a  recurring  basis  where  mission  requirements  permit: 

a.  The  celling  height— the  distance  from  the  floor  to  the  bottom  of  any 
light,  cable  run  or  other  protuberance  over  the  aisle  or  standing  work-space— 
shall  not  be  less  than  1.980  m  (78*)  for  vans  and  shelters,  except  as  follows: 
When  the  occupants  seldom  stand  to  perform  normal  operations,  the  celling 
height  can  be  reduced  to  1.890  m  (74.5*)  unless  otherwise  directed  by  the 
procuring  activity. 

b.  The  minimum  opening  for  personnel  access  shall  be  1.930  m  (76*)  high 
and  760  mm  (30”)  wide.  Accesses  for  equipment  shall  be  appropriate  and 
convenient  for  the  specific  equipment  to  be  transported. 

c.  Steps,  stairs,  or  ladders  shall  be  provided  when  van  floors  are  more 
than  460  mn  (18*)  above  ground  level. 

d.  Access  doors  of  vans  shall  have  provisions  for  locking  doors  In  open 
positions  as  well  as  closed  positions.  Access  doors  shall  have  Inner  qulck- 
0|wn1ng  releases  for  all  doors. 

e.  On  work  spaces  such  as  large  personnel -occupied  vans  or  shelters. 
Intended  for  use  as  mobile  work  spaces.  Inclinometers  shall  be  provided  to 
permit  readout  of  front-rear  and  side-side  tilt  within  ±  2  degrees. 

5*12.8  Cranes,  materials  handling  and  contructlon. 
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5.12.8.1  General .  Positioning  of  equipment  and  loads  shall  be  facilitated 
through  use  of  center-of -gravity  identification,  matching  guidelines, 
identification  of  attaching  points,  detachable  probes,  etc.  Latches  on 
control  levers  shall  not  cause  delay  in  operation, 

5.12.8.2  Control  labels.  All  controls  used  with  lifting  equipment  shall  be 
labeled  as  to  function  and  direction  of  movement. 

5.12.8.3  Control  placement.  The  placement  of  controls  shall  be  within  easy 
reach  of  the  operator  and  shall  afford  optimum  visibility  of  the  load  at  all 
times. 


5.12.8.4  Foot-operated  controls.  Foot-operated  controls  shall  not  be 
selected  for  precise  adjustments  or  movements.  Foot  operated  brake  pedals 
that  require  locking  shall  lock  by  foot  action  alone.  For  ease  of  operation, 
the  pedals  shall  rise  from  the  depressed  position  in  a  backward  as  well  as 
vertical  movement. 

5.12.8.5  Load  capacity.  The  load  capacity  shall  be  indicated  on  the 
equipment,  and  audible  warning  devices  shall  be  provided  where  necesary  to 
indicate  that  the  allowable  load  is  being  exceeded. 

5.12.8.6  Visibility.  Maximum,  unobstructed  view  of  the  work,  including  the 
point  sheaves  of  "the  basic  boom  of  a  revolving  crane  at  a  3  m  (10  ft)  radius 
shall  be  visible  to  suitably  clothed  and  equipped  users  with  relevant  body 
dimensions  varying  between  5th  and  95th  percentiles. 

5.12.8.7  Access.  Where  not  otherwise  specified  herein,  access  dimensions 
for  construction  machinery  shall  conform  to  SAE  J925,  as  applicable. 

5.12.8.8  Handholds  and  footholds.  Suitable  handholds  and  footholds  shall 
be  provided  to  facTfitate  personnel  access  and  nravement. 

5.12.9  Automotive  subsystems. 

5.12.9.1  General. 


5.12.9.1.1  Drain  valves.  Vehicles  shall  be  designed  to  require  a  minimum 
number  of  drain  vaTves  and  drain  sizes.  Drain  valves  shall  be  readily 
accessible  and  hand-operable  by  the  full  range  of  user  personnel  wearing 
either  arctic  or  NBC  garments.  Drain  valve  handles  shall  be  in  line  with  the 
corresponding  pipe  when  ON  and  perpendicular  to  the  pipe  when  OFF, 

5.12.9.1.2  Filters.  Fuel  and  oil  filters  shall  be  located  in  accessible 
positions  for  inspection  and  replacement  and  shall  not  require  the  removal  of 
other  parts. 

5.12.9.1.3  Adjustment  and  access.  Components  requiring  adjustment  or 
replacement,  such  as; "distributors,  fuel  injectors,  and  fan  belts,  shall  be  as 
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accessible  as  possible.  Timing  marks  and  other  adjustment  Indicators  shall  be 
designed  to  minimize  parallax  and  shall  be  readily  accessible  for  visual 
inspection.  Drive  belt  tensioning  devices  shall  permit  access  for  tensioning 
without  removal  of  other  components  and,  if  needed,  furnished  with  pry  points. 

5.12.9.1.4  Battery  terminals  -  Positive  and  negative  battery  terminals  shall 
be  of  different  sizes  to  prevent  Incorrect  cable  attachment.  Terminals  shall 
be  appropriately  labeled  or 

5.12.9.2  Tires. 

5.12.9.2.1  Dual  tires.  Design  of  dual  wheel  arrangement  shall  allow  both 
the  inner  and  outer  t'^ res  to  be  inflated  and  checked  for  air.  The  location  of 
valves  shall  permit  tires  to  be  inflated  and  checked  when  the  tires  are 
interchanged. 


5.12.9.2.2  Spare  tires.  The  spare  tire  shall  be  capable  of  being  inflated 
and  checked  when  -mounted  i n  the  stowed  position. 

5.12.9.3  Turn  signal  and  emergency  flasher  system.  All  wheeled  vehicles 
designed  for  use  on  public  highways  shall  be  equipped  with  turn  signals  and 
emergency  flasher  systems  in  accordance  with  MIL-STD-1179. 

5.12.9.4  Winches. 

5.12.9.4.1  Instruction  plates.  Instruction  plates  covering  winch  operation 
shall  be  mounted  in  a  conspicuous  location  for  operator  use. 

5.12.9.4.2  Operation.  Winch  and  vehicle  power  trains  shall  be  capable  of 
being  operated  simultaneously;  the  vehicle  forward  speed  due  to  straight  winch¬ 
line  or  snatch-block  operation  should  match  one  of  the  vehicle  power  train 
speeds  to  facilitate  simultaneous  operation. 

5.12.9.4.3  Cable  unwinding.  Winch  cables  shall  be  capable  of  being  easily 
payed  out  by  one  crew  member. 

5.12.9.4.4  Control  location.  Winches  shall  be  capable  of  being  operated 
from  both  cab  and  "wi hch  1 ocatfons  and  being  observed  by  the  operator  during 
operation. 


5.12.9.4.5  Clothing  compatibility, 
capable  of  bei ng  operated  by  personnel 


Winch  controls  at  the  winch  shall  be 
wearing  Arctic  mittens. 
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5.13  Hazards  and  safety. 

5.13.1  General ♦  As  a  part  of  system  equipment  design,  safety  factors  shall 
be  given  major  consideration,  including,  as  a  minimum,  the  effective 
application  of  the  human  engineering  criteria  in  other  sections  of  this 
standard,  together  with  the  representative  safety  criteria  herein. 

5.13.2  Safety  labels  and  placards. 

5.13.2.1  Warning  pi acards.  Conspicuous  placards  shall  be  mounted  adjacent 
to  any  equipment  which  presents  a  hazard  to  personnel  (e.g.,  from  high 
voltage,  heat,  toxic  vapors,  explosion,  radiation). 

5.13.2.2  Center-of-qravity  and  weight.  Where  applicable,  the  center  of 
gravity  and  the  weight  of  equipment  snail  be  distinctly  marked. 

5.13.2.3  Weight  capacity.  The  weight  capacity  shall  be  indicated  on 
stands,  hoists,  lifts,  jacks,  and  similar  weight-bearing  equipment,  so  as  to 
prevent  overloading. 

5.13.2.4  Identification  of  protective  items.  Areas  of  operation  or 
maintenance  where  special  protective  clothing,  tools,  or  equipment  are 
necessary  (e.g.,  insulated  shoes,  gloves,  suits,  etc.)  shall  be  specifically 
identified. 


5.13.2.5  “NO-STEP"  markings.  "NO-STEP"  markings  shall  be  provided  when 
necessary  to  prevent  injury  to  personnel  or  damage  to  equipment, 

5.13.2.6  Electrical  labels.  All  receptacles  shall  be  marked  with  their 
voltage,  phase,  and  frequency  characteristics,  as  appropriate.  For  other 
electrical  labeling  and  warning  requirements,  see  MIL-STO-454. 

5*13.2.7  Hand  grasp  areas.  Hand  grasp  areas  shall  be  conspicuously  and 
unambiguously  YdentTned  on  the  equipment. 

5.13.3  Pipe,  hose  and  tube  line  identification.  Pipe,  hose,  and  tube  lines 
for  liquids,  gas,  steani,  etc.,  shaTT  be  clearly  and  unambiguously  labeled  or 
coded  as  to  contents,  pressure,  heat,  cold,  or  other  specific  hazardous 
properties  in  accordance  with  MIL-STD-1247. 

5.13.4  General  workspace  hazards. 

5.13.4.1  Alerting  device.  A  hazard  alerting  device  shall  be  provided  to 
warn  personnel  ot^  impending  danger  or  existing  hazards  (e.g.,  fire,  the 
presence  of  combustible  or  asphyxiating  gas.  radiation,  etc.h 

5.13.4.2  Emergency  doors  and  exits.  Emergency  doors  and  exits  shall  be 
constructed  so  that  they; 
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a.  are  simple  to  operate, 

b.  are  readily  accessible, 

c.  are  unobstructed, 

d.  are  simple  to  locate  and  operate  in  the  dark, 

e.  are  quick  opening  in  three  seconds  or  less, 

f.  require  44  to  133  N  (10  to  30  lb)  of  operating  force  to  open. 

g.  do  not  themselves,  or  in  operation,  constitute  a  safety  hazard. 

h.  permit  one  person  egress  in  5  seconds  or  less. 

5.13,4.3  Stairs.  Stairs,  including  incline,  step  risers,  and  treads,  shall 
conform  with  standard  safe  design  practice.  Skid-proof  flooring,  stair,  and 
step  treads  shall  be  provided.  Where  conditions  warrant  special  precaution, 
surfaces  shall  conform  with  the  nonslip  coating  requirements  of  MIL-W-5044  and 
MIL-W-5050. 


5.13.4.4  Obstructions.  Workspace  around  areas  where  maintenance  is 
performed  shall  be  free  of  obstructions  which  could  cause  injury  to  personnel, 
either  through  accidental  contact  with  the  obstruction  or  because  the 
obstruction  requires  an  awkward  or  dangerous  body  position. 

5.13.4.5  Illumination.  Adequate  illumination  shall  be  provided  in  all 
areas.  Warning  placards,  stairways,  and  all  hazardous  areas  shall  be 
illuminated,  in  accordance  with  the  recommended  levels  of  Table  XXI. 


5.13.4.6  Thermal  contact  hazards.  Equipment  which,  in  normal  operation, 
exposes  personnel  to  surYace  twperatures  greater  or  less  than  those  shown 
below,  shall  be  appropriately  guarded.  Surface  temperatures  induced  by 
climatic  environment  are  exempt  from  this  requirement.  Cryogenic  systems 
shall  also  be  appropriately  guarded. 

Temperature  limits 


Exposure 

Homentary  contact 

Prolonged  contact 
or  handling 

Homentary  contact 

Prolonged  contact 
or  handling 


Metal 

60  degrees  C 
(140  degrees  F) 

49  degrees  C 
(120  degrees  F) 

0  degrees  C 
(32  degrees  F) 

0  degrees  C 
(32  degrees  F) 


Glass 

66  degrees  C 
(154  degrees  F) 

59  degrees  C 
(138  degrees  F) 

0  degrees  C 
(32  degrees  F) 

0  degrees  C 
(32  degrees  F} 


Plastic  or  wood 

85  degrees  C 
(185  degrees  F) 

69  degrees  C 
(156  degrees  F) 

0  degrees  C 
(32  degrees  F) 

0  degrees  C 
(32  degrees  F) 
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5,13.5  General  equipment^related  hazards. 

5.13.5.1  Interlocks  and  alarms.  The  operation  of  switches  or  controls 
which  initiate  hazardous  operations  (e.g,,  ignition,  movefnent  of  a  crane, 
etc.)  shall  require  the  prior  operation  of  a  related  or  locking  control. 

Where  practicable,  the  critical  position  of  such  a  control  shall  activate  a 
visual  and  auditory  warning  device  in  the  affected  work  area. 

5.13.5.2  Access.  Units  shall  be  so  located  and  mounted  that  access  to  them 
can  be  achieved  without  danger  to  personnel  from  electrical  charge,  heat, 
moving  parts,  chemical  contamination,  radiation,  or  other  hazards. 

5.13.5.3  Hazardous  access.  Where  access  areas  must  be  located  over 
dangerous  mechanical  or  electrical  components,  the  access  door  or  cover  shall 
be  designed  to  actuate  an  internal  light  when  opened,  and  a  highly  visible 
warning  label  shall  be  provided  on  the  outside  of  the* door  or  cover, 

5.13.5.4  Edge  rounding.  Where  applicable,  all  exposed  edges  and  corners 
shall  be  rounded  to" a  minimum  of  .75  nm»  (.03  in)  radius.  Sharp  edges  and 
corners  that  present  a  personal  safety  hazard  or  potential  damage  to  equipment 
during  usage  shall  be  suitably  protected  or  rounded  to  a  minimum  radius  of 

13  mm  (1^  in). 

5.13.5.5  Safety  pins  and  streamers.  Safety  pins  and  streamers  shall  be 
clearly  visible  and  accessible  during  ground  maintenance. 

5.13.6  Platforms. 


5.13.6.1  locks.  Self-locking  or  other  fail-safe  devices  shall  be 

i ncorporated' on  ■'el evati ng  stands,  work  platforms  and  “draw  bridges"  to  prevent 
accidental  or  Inadvertent  collapsing  or  falling. 

5.13.6.2  Handrails,  safety  bars  and  chains.  Handrails,  safety  bars,  or 
chains  shall  be  {nstai led  around  ptatforms  and  across  stair  or  step  openings 
in  platforms,  ledges,  catwalks,  etc.  Such  guards  shall  be  placed  1.070  m 
(42  inches)  above  the  standing  surface.  An  intermediate  guard  rail  shall  be 
provided.  Chains  shall  only  be  used  where  it  is  not  feasible  to  install 
handrails  or  safety  bars.  Kickboards,  150  mm  (6  in)  high,  shall  be  installed. 

5.13.6.3  Safety  mesh.  Screen  or  safety  mesh  shall  be  installed  on  the 
underside  of  open  gratings,  platforms,  or  flooring  surfaces  where  there  is  a 
possibility  that  small  tools,  parts  or  debris  may  fall  through  the  grating  on 
workers  or  equipment  beneath  the  platform. 

5-13.7  Electrical,  mechanical,  fluid,  toxic  and  radiation  hazards. 

5.13.7*1  Electrical  hazards. 


5.13.7,1.1  Insulation  of  tools.  Tools  and  test  leads  to  be  used  near  high 
voltages  shal 1  be  adequateVy  i nsul ated . 
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5.13.7.1.2  Plugs  and  receptacles.  Plugs  and  receptacles  shall  be  designed 
so  that  a  plug  of  one  voltage  rating  cannot  be  inserted  into  a  receptacle  of 
another  rating. 

5.13.7.1.3  Voltage  exposure.  Equipment  shall  be  designed  so  that  all  hot 
contacts  will  be  socket  contacts. 

5.13.7.1.4  Dangerous  voltage  or  current.  Guards,  grounding,  interlocks, 
and  warning  placards  shall  be  provided  to  minimize  the  possibility  of  exposing 
personnel  to  dangerous  voltages  or  currents. 

5.13.7.1.5  Ground  potential.  Equipment  shall  be  designed  so  that  all 
external  parts,  with  the  exception  of  antenna  and  transmission  line  terminals, 
will  be  at  ground  potential  in  accordance  with  Requirement  1  of  MIL-STO-454. 

5.13.7.1.6  Electrically-operated  hand  tools.  Electrically  operated 
hand-held  power  tools  shall  be  des'lgned  with  three-wire  power  cords  with  one 
wire  at  ground  potential  and  shall  have  exposed  surfaces  which  are  either 
non-conducting  or  are  electrically  connected  to  the  ground  wire.  "Exposed 
surfaces'*  include  cases,  grips,  handles,  switches,  triggers,  chucks,  and  other 
surfaces  which  are  capable  of  being  contacted  during  operation.  Portable 
tools,  protected  by  an  approved  system  of  double  insulation  or  its  equivalent, 
may  be  used  without  a  ground  wire  when  approved  by  the  procuring  activity, 

5.13.7.1.7  Electronic  equipment.  Electronic  equipment  safety  provisions 
shall  be  in  accordance  wfthlt^ufrement  1  of  MIL-STO-454. 

5.13.7.1.8  Vehicle  batteries.  All  batteries  which  have  a  rating  greater 
than  25  amp  hours  "sl^al  1  "Have  terml nal  guarding  to  prevent  inadvertent 
short-circuit.  Such  guarding  shall  also  prevent  short-circuiting  of  the 
battery  in  spite  of  clearly  Improper  but  possible  acts  by  personnel,  such  as 
placing  of  tools  across  terminals,  resting  a  heavy  object  on  the  battery 
cover,  and  standing  on  a  battery  cover, 

5.13.7.2  fiechanical  hazards. 

5.13.7.2.1  Guards.  A  guard  shall  be  provided  on  all  moving  parts  of 
machinery  and  transmission  equipment.  Including  pulleys,  belts,  gears,  blades, 
etc.,  on  which  personnel  may  become  Injured  or  entangled. 

5.13.7.2.2  Telescoping  ladders.  Adequate  finger  clearance  shall  be 
provided  between  rungs  of  tel escopi ng  ladders. 

5.13.7.3  Fluid  hazards. 


5.13.7.3.1  Connectors.  Each  connector  utilized  in  the  handling  or  control 
of  hazardous  fluids,  including  propellants,  solvents*  toxics,  hypergolics, 
asphyxiants,  etc.,  shall  be  incompatible  with  other  connectors  within  the 
access  area  of  that  connector. 
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5.13.7,3,2  Fluid  and  fuel  servicing  equipment.  Automatic  shutoff  devices 
shall  be  provided  on  i^luid  and  fuel  service  equipment  to  prevent  overflow  and 
spillage. 


5,13,7.4  Toxic  hazards. 

5.13.7.4.1  General .  Personnel  shall  not  be  exposed  to  the  concentrations 
of  toxic  substances  in  excess  of  the  limits  specified  in  either  the  Department 
of  Defense  (DoD)  Occupational  Safety  and  Health  (OSH)  standards  or  specialized 
standards  applicable  to  military  unique  equipment,  systems  or  operations. 

5.13.7.4.2  Carbon  monoxide.  Carbon  monoxide  in  personnel  areas  shall  be 
reduced  to  the  lowest  level  feasible.  Personnel  shall  not  be  exposed  to 
concentrations  of  carbon  monoxide  (CO)  in  excess  of  values  which  will  result 
in  carboxyhemoglobln  (COHb)  levels  in  their  blood  greater  than  the  following 
percentages:  5X  COKb  (all  system  design  objectives  and  aviation  system 
performance  limits):  IW  COHb  (all  other  system  performance  limits).  It  is 
acceptable  to  estimate  COHb  blood  levels  in  personnel  by  solving  the  empirical 
equation  given  in  paragraph  3.7.5  of  MILHOBK-759A.  When  using  the  equations 
to  estimate  the  percent  COHb  blood  levels  for  combat  vehicle  occupants,  the 
following  work  stress  levels  (defined  by  MIL-HDBK-759A)  shall  be  applied  as 
appropriate:  activities  involving  weapons  fire  -  level  4;  all  other  mission 
activities  -  level  3.  An  initial  value  of  COHbo»l,OX  shall  be  assumed  for  all 
estimates. 

5.13,7.5  Radiation.  Radiation  emitting  systems  and  equipment  require 
special  consTderatiidn  to  minimize  hazards  to  operators  and  maintenance 
personnel.  Ionizing  radiation  exposure  rates  produced  by  any  device  shall  not 
exceed  0.5  mil  11  roentgens/hr  at  a  distance  of  50  mm  (2“)  from  any  point  on  the 
external  surface.  Microwave,  radio  frequency,  X  and  laser  radiation  limits 
shall  conform  to  those  specified  in  Requirement  1,  MlL-STO-454.  Definitive 
and  specific  data  shoald  be  obtained  from  the  service  agency  responsible  for 
control  of  personnel  exposure  to  radiation. 
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5.14  Aerospace  vehicle  compartments. 

5.14.1  General .  Aerospace  vehicle  cocnpartments  shall  be  designed  to 
optimize  human  efficiency,  safety,  and  comfort  within  the  constraints  imposed 
by  system  requirements. 

5.14.1.1  Windows,  canopies,  and  windshields. 

5.14.1.1.1  Visual  performance.  Transparent  areas  shall  b6  designed  to  be 
free  from  color,  dfstortion,  or any  other  factors  that  would  degrade  visual 
performance  below  the  level  required  for  mission  accomplishment. 

5.14.1.1.2  Multilayered  windows.  Visual  performance  shall  not  be  degraded 
below  the  level  required  for  mission  accomplishment  by  loss  of  light 
transmission  or  by  multi  reflect ions  resulting  from  multilayered  windows, 

5.14.1.1.3  Angle  of  incidence.  When  undistorted  external  vision  is 
required,  the  angle  of  incidence  (see  3.3)  shall  not  exceed  ir/3  rad  (60®). 

5.14.1.1.4  Unobstructed  vision.  Windows  and  canopies  shall  be  designed  for 
optimum  unobstructed  vision.  RTJth  of  structural  members  in  the  line  of 
vision  should  not  exceed  56  mm  (2.2  inches).  Aircrew  vision  requirements  are 
contained  In  MIL-STO-850. 

5.14.1.1.5  Head~up  displays. 

5.14.1.1.5.1  General .  Head-up  displays  shall  be  compatible  with  the 
capabilities  and  Vi  Stations  of  the  human  visual  system.  Information 
presented  on  head-up  displays  shall  be  limited  to  critical  data  which  the 
operator  is  required  to  monitor  while  simultaneously  performing  some  primary 
visual  task. 


5.14.1.1.5.2  Symbol  brightness.  Symbols  shall  be  bright  enough  to  be 
legible  under  a1 1  expect^  afl4>l ent  lighting  conditions.  Symbol  brightness 
shall  not  be  less  than  5000  cd/m*  (1500  Ft«L)  when  legibility  in  direct 
sunlight  or  background  luminance  of  34,000  cd/m*  (10,000  Ft-L)  is  required. 
For  most  high  ambient  light  applications,  syni»ol  brightness  should  be 
6,900  -  10,300  Cd/m2  (2,000  -  3,000  Ft-L). 

5.14.1.1.5.3  legibility.  Sufficient  contrast  shall  be  provided  to  ensure 
symbol  legibility  under  all  expected  viewing  conditions. 

5.14.1.1.5.4  Field  of  view.  Head-up  displays  should  have  a  minimum  field 
of  view  of  350  mrad  (20*)  in  the  vertical  plane  and  490  mrad  (28®)  In  the 
horizontal  plane. 


5.14.1.1.5.5  Exit  pupil «■  Head-up  displays  shall  have  a  minimum  exit  pupil 
(that  area  within  a  col mated  beam  in  which  the  entire  image  formed  by  an 
objective  lens  is  capable  of  being  seen)  of  72  ram  (2.8"). 
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5.14.1.1.5.6  Symbol  line  width.  Symbols  used  in  head-up  displays  shall 
have  a  minimum  line  width  ot  0.5  mrad  (1.7  minutes).  For  most  applications, 
symbol  line  width  should  be  1.0  ±0.2  mrad  (3.4  ±0.7  minutes). 


5.14.1.2  Instrument  location.  Instruments  shall  be  located  so  that,  with 
glare  shields  and  bezels  in  place,  they  can  be  easily  read  by  appropriate  crew 
members. 


5.14.2  Crew  stations  and  passenger  compartments  (all  aerospace  vehicles). 

5.14.2.1  Aircrew  stations  (aeronautical).  Specific  design  requirements  for 
pilot  and  copilot  stations  are  contained  in  MIL-STD-203,  MIL-STD-250, 
MIL-STD-411,  MIL-STD-783,  MIL-STD-850,  MIL-STD-1333,  MIL-STD-X776, 
MIL-STD-1787,  MIL-STD-1800,  MIL-STD-1801.  MIL-L-5667,  MIL-L -85762, 

MIL-L-87240,  MIL-M-18012,  MIL-P-7788,  and  AFGS-87213A.  Human  Engineering 
design  of  pilot' and  copilot  stations  not  covered  in  the  above  documents  or 
other  contractual  documents  shall  be  in  accordance  with  the  criteria  in  this 
standard.  Human  engineering  design  of  aircrew  stations  and  passenger 
compartments  other  than  pilot  and  co-pilot  stations  shall  be  in  accordance 
with  the  criteria  of  5.7. 

5.14.2.2  Layout  for  shared  work  space. 

5.14.2.2.1  General .  Where  applicable,  design  of  compartments  shall  allow 
personnel  to  share'equi pment,  reduce  communication  requirements,  conduct 
required  face-to-face  communications,  and  minimize  mutual  interference  when 
operating  equipment  which  requires  more  than  one  operator. 

5.14.2.2.2  Location  and  arrangeiynt  of  groups.  Groups  should  be  located 
and  arranged  to  share  material ,  information,  ana  equipment;  to  simplify 
supervision;  and  to  simplify  coordination. 

5.14.2.2.3  Effects  of  crew  site.  Compartment  design  shall  accommodate 
requirements  fbr'ThtefTclToW'ah  ti pi e  use  as  crew  size  grows.  Including 
adequate  provisions  for  communications;  physical  access;  illumination; 
acoustics;  air  conditioning;  traffic  flow  and  free  volume;  oxygen  regulators 
and  portable  units;  first  aid  equipment;  emergency  egress;  personal  equipment 
storage;  oxygen  supplies  and  environmental  control;  food,  water,  and  waste 
management;  and  rest  areas. 

5.14.2.2.4  Standing  operations.  Standing  operations  shall  be  limited  to 
those  necessitated  by  miss ion  requirements. 

5.14.2.2.5  Effects  of  variable  gravUy.  When  aerospace  vehicle  missions 
require  the  performance  of  crew  operation,  maintenance,  and  control  tasks  In 
a  variable  gravity  flight  regime,  design  shall  include  provisions  for  body 
positioning  and  restraint  devices,  locomotion  aids,  and  safeguards  against 
Inadvertent  displacement  of  controls  and  damage  to  vehicle  and  to  personnel 
equipment. 
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5.U.2.3  Work  space  dimensions.  The  following  dimensions  and  those 
presented  in  Figures  23  through  29  and  Tables  XIII  through  XIX  shall  be  used 
in  the  design  of  work  places  so  as  to  provide  adequate  clearance.  If 
environmental  conditions  require  personal  protection  encumbrances  that 
necessitate  larger  clearances,  allowances  shall  be  made. 


Light 
Clothing 
cm  (in) 

Bulky 
Clothing 
cm  (in) 

Minimum  height  allowance  for  standing 

193  (76) 

198  (78) 

Minimum  height  allowance  for  crawling 

79  (31) 

86  (34) 

Maximum  depth  of  objects  which  must  be 
reached  into 

58  (23) 

53.(21) 

Minimum  width  allowance  for  passing  body 

58  (23) 

69  (27) 

Minimum  thickness  allowance  for  passing 
body 

33  (13) 

41  (16) 

Minimum  height  allowance  for  bending  or 

122  (48) 

127  (50) 

kneeling 


5.14.2,4  Seating  and  restraint. 

5.14.2.4.1  General .  Seats,  contours,  positions,  and  restrains  should  be 
adjustable  to  intf^vidual  anthropometric  dimensions  of  shirtsleeve  and  pressure 
suit  environments,  survival  equipment,  amor,  and  to  fore-seeable  conditions 
and  levels  of  g-loading.  Seating  or  restrains  shall  provide  an  adequate 
supporting  framework  for  the  body  relative  to  the  activities  that  must  be 
performed.  Seats  shall  be  designed  for  maximum  protection  under  g-loading  and 
for  comfort,  ease  of  adjustments,  and  minimum  weight. 

5.14.2.4.2  Vet^ical  and  horizontal  (fore  and  aft)  adjustments.  Seats  shall 
have  vertical  and  hori zonta!  adjustments  su^ficfent  to  accommodate  suitably 
clothed  and  equipped  users  with  relavant  body  dimensions  varying  between  5th 
and  95th  percentile  (see  5.6),  without  degrading  their  performance  capability. 

5.14.2.4.3  Swivel  adjustments.  Seats  capable  of  being  rotated  shall 
contain  at  least  eight  locking  positions  equally  spaced  through  2  urad  (360“). 
The  seat  shall  be  capable  of  being  swiveled  freely,  when  unlocked,  while 
supporting  a  load  of  113  kg  (250  lb). 

5.14.2.4.4  Hei qht ♦  The  sitting  surface  shall  be  designed  to  provide  a 
minimum  of  230  mm  (9  in)  between  the  sitting  surface  and  the  bottom  of  the 
work  surface  or  shelf.  (See  figure  24) 

5.14.2.4.5  Access  to  foot  controls.  When  seated,  the  operator  shall  have 
free  access  to,  and  actuation  of,  foot-operated  controls. 
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5.14.2.4.6  Baekrest.  Backrest  angle  shall  vary  between  85  and  260  mrad 
(5°  and  15®)  aft  of  the  vertical  for  the  work  position  and  to  a  maximum  of 
875  mrad  (50®)  for  the  rest  position.  The  rest  angle  shall  not  exceed  an 
included  angle  between  seat  and  backrest  of  2375  mrad  (136®). 

5.14.2.4.7  Armrests.  Armrests  that  are  integral  with  operator's  seats 
shall  be  at  least  5o^m  (2  in)  wide  and  200  mm  (8  in)  long  and  be  190  to 
250  mm  (7.5  to  10  in)  above  the  seat  surface.  Modified  or  retractable 
armrests  shall  maintain  compatibility  with  an  associated  console.  The  armrest 
shall  not  interfere  with  work  requirements  or  emergency  procedures. 

5.14.2.4.8  Leg  room.  Knee  and  foot  room  shall  be  provided  beneath  work 
surfaces.  Clearances  shall  equal  or  exceed  the  following  dimensions: 

a.  Height;  640  mm  (25  inches).  (If  a  foot  rest  is  provided,  this 
dimension  shall  be  increased  accordingly.) 

b.  Width:  510  mm  (20  inches). 

c.  Depth:  460  mm  (18  inches). 

5.14.2.4.9  Passenger  seats.  Where  feasible,  passenger  seats  should  face 
the  rear  of  t he  veh i c  1  e  a nB" Thou  1  d  include  a  400  run  (16  inches)  walkway  space 
between  the  seat  pan  edge  and  the  back  of  the  adjacent  seat. 

5.14.3  Personnel  ingress  and  egress. 

5.14.3.1  Hatches  for  nomal  ftxit  and  entrance.  The  minimum  diameter  of  a 
circular  hatcli ’sKalT  be  7S6  mm  1 50  inches),  the  minimum  dimensions  of  a 
rectangular  hatch  or  passageway  shall  be  660  mm  (26  inches)  wide  and  760  mm 
(30  inches)  high. 

5.14.3.1.1  Exit  markings.  Exits  shall  be  clearly  identified  under  reduced 
lighting  cond i t ions fx i t  1  nst ruct  1  ons  shall  be  legible,  brief,  and  clearly 
worded. 

5.14.3.2  Handholds  and  footholds.  Suitable  handholds  and  footholds  shall 
be  supplied  where  necessary. 

5.14.3.3  Tunnels . 

5.14.3.3.1  Diameter,  The  minimum  diameter  of  tunnels  shall  be  760  mm 
(30  in). 


5.14.3.3.2  Personal  equipment  space.  Tunnels  shall  be  designed  to 
permit  passage  of  ah  operator  wftn  personal  equipment  and  clothing. 
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5.14.3.4  Doors. 

5.14.3.4.1  Jamning.  Doors  shall  be  designed  to  minimize  the  possibility  of 
jamming. 

5.14.3.4.2  Latches.  Latch  handles  should  be  used  in  preference  to  knobs. 
The  latch  handles  shall  be  uniform  in  size,  placement,  and  operation  for 
similar  applications  throughout  the  vehicle.  Correct  movement  of  the  latch 
handle  shall  be  labeled  in  accordance  with  Section  5.5* 

5.14.3.5  Inclines  and  stairs  and  ladders. 

5.14.3.5.1  Angle  of  incline.  The  type  of  structure  in  relation  to  angle  of 
ascent  shall  be  as  specified  'in  Figure  33. 

5.14.3.5.2  Hand  and  foot  surface.  Hand  rails  or  gripping  surfaces  and 
nonslip  foot  surfaces  shaTl  bel)rovided  for  ladders.  Nonslip  treads  shall  be 
provided  on  all  stairs.  Safety  bars  or  chains  shall  be  Installed  across  stair 
or  step  openings.  Handrails  or  hand  holds  should  be  provided  when  it  is 
necessary  for  crew  members  to  move  between  different  locations  while  the 
vehicle  is  in  motion.  The  handrails  or  hand  hold  shall  be  915  mm  (36  inches) 
above  the  walking  surface. 

Passage  floors  shall  be  provided  with  nonslip  tread  or 
other  high  friction  surface. 

5.14.4  Emergency  evacuation. 

5.14.4.1  General  criteria. 

5.14.4.1.1  Simplicity.  The  simplest  possible  escape  irode,  consistent  with 
safety  and  effectiveness,  shall  be  provided. 

5.14.4.1.2  Evacuation  time.  Emergency  evacuation  (after  crash  landing)  of 
the  crew  members  sKatT  be  pos si b 1 e  within  30  seconds,  using  only  one-half  of 
the  exits.  Emergency  evacuation  (after  crash  landing)  of  all  passengers  and 
crew  members  shall  be  possible  within  60  seconds,  using  only  one-half  of  the 
exits.  Emergency  doors  and  exits  shall  be  readily  accessible,  unobstructed, 
and  quick  opening  from  both  sides  in  three  seconds  or  less. 

5.14.4.1.3  Cutaway  areas.  Areas  of  the  vehicle  structure  which  can  be 
chopped  through  wi th  axes  in  emergencies  shall  be  clearly  marked.  Axes  shall 
be  provided  and  adequately  labeled. 

5.14.4.1.4  Movable  articles.  Provision  shall  be  made  for  securing  movable 
articles  within  the  vehicle, 

5.14.4.1.5  Exterior  protrusions.  The  design  of  the  escape  system  shall 
preclude  personnel  contact  with  exterior  vehicle  protrusions  during  emergency 
evacuation. 
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5*14.4.1,6  Evacuation  aids*  Where  hatches  or  door  sills  are  more  than 
1.830  tn  (72  inches)  above  the  ground,  evacuation  aids  such  as  inflatable 
slides,  slide  poles,  ladders,  or  ropes  shall  be  provided.  Ropes,  where 
employed,  shall  be  attached  to  the  top  of  openings  and  stand  off  from  the 
structu*'e  to  permit  use  by  more  than  one  person  at  a  time. 

5.14*4.1*7  Handholds.  Handholds  shall  be  provided  to  assist  personnel 
escape  after  crash'  landing  or  ditching*  Handholds  shall  be  designed  to 
accommodate  personnel  wearing  either  lightweight  and  medium  weight  gloves  or 
cold  weather  gloves  and  mittens. 

5.14.4.2  Escape  exits* 

5*14,4.2*1  Emergency  lighting.  Emergency  lighting  v/ith  self-contained 
power  shall  be  'provided  at  or  near  each  emergency  or  normal  exit*  Lighting 
shall  be  automatically  energized  when  the  vehicle  is  subject  to  conditions 
requiring  such  light.  The  fixture  shall  be  turned  on  or  off  from  a  switch 
accessible  to  the  vehicle  commander.  The  fixture  shall  be  removable  for  use 
outside  the  vehicle  during  emergencies* 

5*14.4.2.2  Escape  openings.  Escape  openings  shall  be  smooth-edged  and  free 
of  obstructions  and  shall  permit  the  passage  of  personnel  with  necessasy 
survival  equipment. 

5.14.4.2.3  Ease  of  operation..  Doors  and  hatches  shall  be  quick-opening, 
easily  operated,  and  have  a  standard  mode  of  latrh-handle  operation  throughout 
the  vehicle. 


5.14.4.2.4  Latch-handle  actuation.  Release  latch  handles  on  emergency 
exits  shall  require  no  more  than  iio  H  (25  lb)  of  force  in  lateral  direction 
or  200  N  (45  lb)  pull.  This  operation  should  be  possible  using  either  hand 
and  shall  require  no  more  than  two  distinct  and  different  motions. 

5.14.4.2.5  Control  protection.  Handles  and  controls  for  escape  exits  shall 
oe  protected  from  i nadve rt eni  ccntact s  or  contacts  that  are  not  escape 
oriented.  Such  controls  shall  not  be  secured  by  means  af  lockwire. 

5.14.4,3  Ejection  systems.  Where  ejection  systems  are  specified,  the 
following  crnaria,  and  those  contained  in  HIL-S-9479  for  USAF,  or  MIL-S-18471 
for  DSN,  shall  apply, 

5.14.4.3.1  Clearance.  The  vehicle  shall  be  designed  to  provide  adequate 
clearance  for  egreVs'of  either  the  ejection  seat  end  occupant  or  tne  escape 
capsule,  as  applicable. 

5.14.4.3.2  Safety  harnesses.  Personnel  safety  harnesses  shall  be  easily 
adjusted  and  i"emoved  and  shitT  be  designed  to  preclude  interference  with  safe 
ejection. 
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5.14.4.3.3  Ejection  controls.  Ejection  controls  shall  be  readily 
accessible  and  activation  shall  be  possible  with  either  hand. 

5.14.4.3.4  Control  protection.  Provision  shall  be  made  to  guard  against 
accidental  activation  of  ejection  controls. 

5.14.4.3.5  Safety  pins  and  streamers.  Safety  pins  and  warning  streamers 
for  ejection  seats  and  canopies  shall  be  clearly  visible  and  accessible  during 
ground  maintenance. 

5.14.4.3.6  Automatic  sequencing.  The  system  shall  be  automatically 
sequenced  and  shall  require  no  further  action  by  the  occupant  once  the  escape 
control  has  been  activated. 

5.14.4.3.7  Survival  requirements.  The  system  shall  deliver  the  crew-member 
with  necessary  survival  equjpment  to  the  ground  or  water  in  adequate  physical 
condition  for  performance  of , the  actions  required  for  survival  and  rescue. 

5.14.4.3.8  Escape  capsule.  Where  escape  capsules  are  specified,  the 
following  addi t i dna1  cn terfa ,  and  those  contained  in  HIL-C-25969  for  USAF,  or 
MIL-A-23121  for  USN,  shall  apply. 

5.14.4.3.8.1  Capsule  provision.  The  escape  capsule  shall  provide  for 
adequate  vision  iof  nomaVoperational  duties,  limb  and  head  restraint  during 
the  escape  sequence,  and  stowage  for  survival  equipment. 

5.14.4.3.8.2  Pressurization.  The  escape  system  shall  provide  for 
pressurization  and  ventilation  of  the  capsule.  The  escape  system  actuators, 
ballistics,  pyrotechnics,  or  any  other  devices,  shall  not  permit  introduction 
of  noxious  or  toxic  products  into  the  pressurized  crew  compartment  upon 
activation. 


6.14.4.3.8.3  Alighting  impact.  The  system  shall  provide  shock  attenuation 
for  landing  on  terrain  or  water" without  injury  to  occupants. 

5.14.4.3.8.4  Flotation.  The  system  shall  ensure  flotation  of  the  capsule 
for  water  survival. 
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5 . 15  User-computer  interface* 

5.15.1  General .  Computer  programs  and  equipment  Interfaces  shall  provide  a 
functional  interface  between  the  system  for  which  they  are  designed  and  users 
(operators/maintainers)  of  that  system.  This  Interface  shall  optimize 
compatibility  with  personnel  and  shall  minimize  conditions  which  can  degrade 
human  performance  or  contribute  to  human  error, 

5.15.1.1  Standard  procedures .  Users  shall  be  provided  standard  procedures 
for  similar,  logical ty  related  transactions. 

6.15.1.2  Computer  response.  Every  input  by  a  user  shall  consistently 
produce  some  perceptible  response  output  from  the  computer. 

5.15.1.3  On-line  guidance-  Users  shall  be  provided  on-line  data  and 
command  indices,  and  dictionaries,  to  guide  selection  and  composition  for  data 
and  command  entries.  Definitions  of  allowable  options,  system  capabilities, 
procedures,  and  ranges  of  values  shall  be  displayable  at  the  user's  request. 

5.15.1.4  System  status.  Users  shall  be  provided  information  at  all  times 
on  system  status  regarding  operational  modes,  availability,  and  loads,  either 
automatically  or  by  request, 

5.15.1.5  Log-on  procedures.  In  applications  where  users  must  log-on  to  the 
system,  log-on  shall  be  a  separate  procedure  that  must  be  completed  before  a 
user  is  required  to  select  among  any  operational  options. 

5.15.1.5.1  Automatic  log-on  display.  Appropriate  prompts  for  log-on  should 
be  automatically  displayed  on  the  user's  terminal  with  no  special  action 
required  other  than  turning  on  the  terminal. 

5.15.1.5.2  Log-on-feedback.  Users  shall  be  provided  feedback  relevant  to 
the  log-on  procedure  tliiat  TrKii cates  the  status  of  the  inputs, 

5.15.1.5.3  Log-on  delay.  If  a  user  cannot  log-on  to  a  system,  a  prompt 
should  be  provided  to  ex'pTai n  the  reason  for  this  inability.  Log-on  processes 
should  require  minimum  input  from  the  user  consistent  with  the  requirements 
prohibiting  illegal  entry. 

5.15.1.6  Log-off  procedures.  When  a  user  signals  for  log-off,  the  system 
should  check  pending  transactions  to  determine  if  data  loss  seems  probable. 

If  so,  the  computer  should  prompt  for  confirmation  before  the  log-off  command 
Is  executed. 


5.15.1.7  Computer  failure.  In  the  event  of  partial  hardware/ software 
failure,  the ' program  shoui d “ a1 1 ow  for  orderly  shutdown  and  establishment  of  a 
check-point  so  restoration  can  be  accomplished  without  loss  of  computing 
performed  to  date. 

5.15.1.8  Interaction.  Where  two  or  more  users  roust  have  simultaneous  read 
access  to  the  computer  program  or  data  processing  results  from  multiple 
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personnel -equipment  interfaces,  the  operation  by  one  person  shall  not 
interfere  with  the  operations  of  another  person  unless  mission  survival  may  be 
contingent  upon  the  pre-emption.  Provisions  shall  be  made  so  that  the 
pre-empted  user  can  resume  operations  at  the  point  of  interference  without 
information  loss, 

5.15,2  Data  entry, 

5.15.2.1  General .  Data  entry  functions  shall  be  designed  to  establish 
consistency  of  "data  entry  transactions,  minimize  input  actions  and  memory  load 
on  the  user,  ensure  compatibility  of  data  entry  with  data  display,  and  provide 
flexibility  of  user  control  of  data  entry. 

5.15.2.1.1  User  pacing-manual.  Data  entry  shall  be  paced  by  the  user, 
rather  than  by  the  system. 

5.15.2.1.2  Positive  feedback.  The  system  shall  provide  a  positive  feedback 
to  the  user  of  the  acceptance  or  rejection  of  a  data  entry.  Feedback  response 
times  shall  conform  to  5.15.8. 

5.15.2.1.3  Processing  delay.  Where  system  overload  or  other  system 
conditions  will  result  In  a  processing  delay,  the  system  shall  acknowledge  the 
data  entry  and  provide  an  indication  of  the  delay  to  the  user.  If  possible, 
the  system  shall  advise  the  user  of  the  time  remaining  for  the  process  or  of 
the  fraction  of  the  process  completed. 

5.15.2.1.4  Explicit  action.  Data  entry  shall  require  an  explicit 
completion  act \ on ,  "sucli '  as  the  depression  of  an  ENTER  key. 

5.15.2.1.5  Validation.  Data  entries  should  be  validated  by  the  system  for 
correct  format,  legaT  value,  or  range  of  values.  Where  repetitive  entry  of 
data  sets  is  required,  data  validation  .for  each  set  should  be  completed  before 
another  transaction  can  begin.  See  also  5*15.8.11. 

5.15.2.1.6  Software-available  data.  The  user  should  not  be  required  to 
enter  data  al ready  avail  able  to  the  software. 

5.15.2.1.7  Input  units.  Data  should  be  entered  in  units  which  are  familiar 
to  the  user. 

5.15.2.1.8  Cursors. 

5.15.2.1.8.1  Control,  Systems  employing  cursors  shall  provide  cursor 
control  capability,  the  user  should  be  able  to  adjust  the  sensitivity  of  the 
cursor  movement  to  be  compatible  with  the  required  task  and  user  skills. 

5.15.2.1.8.2  Oi splay.  A  movable  cursor  within  the  display  shall  have  a 
distinctive  vi suaV  attribute  that  does  not  obscure  other  displayed  entities. 
When  f'ine  positioning  accuracy  is  required,  as  in  some  forms  of  graphic  and 
image  processing  applications,  the  displayed  cursor  shall  Include  an 
appropriate  point  designation  feature  (such  as  crosshairs).  The  cursor  shall 
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not  move  beyond  the  display  boundaries  and  disappear  from  sight.  If  the 
cursor  is  moved  by  depressing  a  key,  releasing  the  key  shall  cause  the  cursor 
to  stop  moving. 


5.15.2.1.8.3  Home  position.  The  home  position  for  the  cursor  should  be 
consistent  across  similar  types  of  displays. 

5.15.2.1.8.4  Explicit  actuation.  A  separate,  explicit  action,  distinct 
from  cursor  position”,  shall  be  required  for  the  actual  entry  (e.g.,  enabling, 
actuation)  of  a  designated  position. 

5.15.2.1.8.5  Consistent  positioning.  Where  cursor  positioning  is 
incremental  by  discrete  steps,  the  step  size  of  cursor  movement  shall  be 
consistent  horizontally  {l.e.,  in  both  right  and  left  directions),'  and 
vertically  (in  both  up  and  down  directions). 

5.15.2.1.8.6  Keyboard  cursor  control .  When  position  designation  is 
required  in  a  task  emph^i zing  keyed  data  entry,  cursor  control  should  be  by 
some  device  integral  to  the  keyboard.  If  cursor  movement  is  accomplished  by 
depressing  keys,  the  keys  shall  be  located  on  the  main  keyboard. 

5.15.2.1.8.7  ^vement  relationships.  The  response  of  a  cursor  to  control 
movements  shall  be  consistent,  prediciable,  and  compatible  with  the  user’s 
expectations.  For  cursor  control  by  key  action  a  key  labeled  with  a  left¬ 
pointing  arrow  should  move  the  cursor  leftward  on  the  display;  for  cursor 
control  by  joystick,  leftward  movement  of  the  control  should  result  in 
leftward  movement  of  the  cursor. 

5.15.2.1.9  Abbreviations,  mnemonics,  and  codes.  When  abbreviations, 

ranersonics,  or  codes  are'  useo  to  shorten ™^(ldt a . entry,  they  shall  be  distinctive 

and  have  a  relationship  or  association  to  normal  language  or  specific 
job-related  terminology.  Abbreviations  should  be  the  same  length,  the 
shortest  possible  that  will  ensure  unique  abbreviations. 

5.15.2.1.10  Explicit  delete  action.  Data  deletion  or  cancellation  shall 
require  an  expl icn lictTbhV'*s'ucb ''as  the  depression  of  a  DELETE  key. 

5.15.2.1.11  Change  of  data.  Where  a  user  requests  change  (or  deletion)  of 
a  data  item  that  is  noV  currently  being  displayed,  the  option  of  displaying 
the  old  value  before  confirming  the  change  should  be  presented. 

5*15.2.1,12  Single  method  of  data  entry.  Data  entry  methods  and  data 
displays  should  not  requTre  the  user  to  snift  between  entry  methods, 

5.15.2.1.13  Data  entry  display.  Where  data  entry  on  an  electronic  display 
is  permitted  only  in  prescribed  areas,  a  clear  visual  definition  of  the  entry 
fields  shall  be  provided. 

5,15.2.2  Keyboard. 
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5.15.2.2.1  Use.  A  keyboard  should  be  used  to  enter  alphabetic,  numeric  and 
other  special  characters  into  the  system. 

5.15.2.2.2,  Configuration.  Keyboards  shall  conform  to  flIL-STD-1280,  unless 
otherwise  specl^'ied  or  approved  by  the  procuring  activity. 

5.15.2.2.3  Timely  display.  Keyed  inputs,  except  security  items  such  as 
passwords,  shal 1  be  shown  on  the  display  in  accordance  with  the  values  in 
Table  XXVIII. 

5.15.2.2.4  Length.  Except  for  extended  text,  the  length  of  individual  data 
items  shall  be  minimized. 

5.15.2.2.5  Justification.  When  entering  tabular  data,  the  user  shall  not 
be  required  to  right*  or'  left- justify  tabular  data  entries.  The  system  shall 
automatically  justify  columnar  data  with  respect  to  decimal  systems  point, 
left  margin  or  right  item  margin,  depending  on  the  type  of  data. 

5.15.2.2.6  Numeric  keypads.  Keyboards  used  in  systems  requiring 
substantial  numeric  inpiiV  shall  be  equipped  with  a  numeric  keypad. 

5.15.2.2.7  Hlnimization  of  keying.  The  amount  of  keying  required  should  be 
minimized. 


5.15.2.2.8  Minimization  of  shift  keying.  The  use  of  key  shifting  functions 
should  be  minimized  (during  <iata“entry  transactions. 

5.15.2.2.9  Data  change.  In  keyed  data  entry,  means  shall  be  provided  to 
allow  users  to’cHange  previous  entries,  if  necessary,  by  DELETE  and  INSERT 
actions. 

5.15.2,3  Fixed  function  (dedicated)  keys. 

5.15.2.3.1  Use.  Fixed  function  keys  (for  example^  ENTER)  should  be  used 
for  tlme-criticaT,  error-critical,  or  frequently  used  control  inputs, 

5.15.2.3.2  Standardization.  Fixed  function  keys  should  be  comocn 
throughout  the  system. 

5.15.2.3.3  Functional  consistency.  Once  a  key  has  been  assigned  a  given 
function,  it  should  not  be  reassigned  to  a  different  function  for  a  given  user. 

5.15.2.3.4  Availability.  Fixed  function  keys  should  be  selected  to  control 
functions  that  ai^  contfnuously  available;  i,e.,  lockout  of  fixed  function 
keys  shall  be  minimized.  At  any  step  In  a  transaction  sequence,  however, 
function  keys  idiich  are  not  used  for  current  inputs  should  be  temporarily 
disabled  under  computer  control.  Mechanical  overlays  should  not  be  used  for 
this  purpose. 

5.15. 2. 3.5  Non-active  keys.  Non-active  fixed  function  keys  should  be 
replaced  by  a  blank  key  on  the  keyboard. 
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5.15.2.3.6  Grouping.  Fixed  function  keys  shall  be  logically  grouped  and 
shall  be  pi aceH  1  n  di st i net i ve  locations  on  the  keyboard. 

5.15.2.3.7  Actuation.  Except  when  used  to  toggle  between  two  opposing 
states,  a  fixed  function  key  should  require  only  a  single  actuation  to 
accomplish  its  function. 

5.15.2.3.8  Feedback.  When  fixed  function  key  activation  does  not  result  in 
an  immediately  observable  natural  response,  the  user  shall  be  given  an 
indication  of  systen  acknowledgement. 

5.15.2.3.9  Function  labels.  Key  assignments  shall  be  displayed  at  all 
times,  preferably  through  direct  marking.  Where  abbreviations  are  necessary, 
standardized  OoD  abbreviations  (e.g.,  MIL-STO-12.  MIL-STD-411,  HIL-STD-783) 
should  be  used. 

5.15.2.4  Variable  function  keys. 

5.15.2.4.1  Use.  Variable  function  keys  may  be  used  for  programmable  menu 
selection  and  entry  of  control  functions. 

5.15.2.4.2  Status  display.  When  the  effect  of  a  function  key  varies,  the 

status  of  the  key . shaTTbe  displayed. 

5.15.2.4.3  Reprogrammable  or  Inactive  default  functions.  When  keys  with 
labeled  default  functions  are  reprogrammed  or  turned  off,  a  visual  warning 
shall  alert  the  user  that  the  standard  function  is  not  currently  accessible 
via  that  key. 


5.15.2.4.4  Relabeling.  Provision  shall  be  made  for  easily  relabeling 
variable  function  keys.  Labels  for  variable  function  keys,  located  along  the 
perimeter  of  a  display,  may  be  generated  on  the  display  face, 

5.15.2.4.5  Shifted  characters.  Shift  keys  should  not  be  required  to 
operate  varl able  function  keys. 

5.15.2.4.6  Easy  return  to  base"leyel  functions.  Where  the  functions 
assigned  to  a  set  ot  functloir’keys  change  as  a  result  of  user  selection,  the 
user  should  be  given  an  easy  means  to  return  to  the  initial,  base-level 
functions.  For  example,  In  cockpit  design,  where  multifunction  keys  may  be 
used  for  various  purposes  such  as  navigation  or  weapons  control,  the  aircrew 
should  be  able  to  take  a  single  action  to  restore  those  keys  quickly  to  their 
basic  flight  control  functions. 

5.15.2.5  llghtpen. 

5.15.2.5.1  Use.  A  llghtpen  may  be  used  when  non-critical ,  imprecise  input 
functions  are  required.  Such  direct-pointing  'ontrols  should  be  used  when 
item  selection  is  the  primary  type  of  data  entry, 

5.15.2.5.2  Dimensions  and  mounting.  See  S.4.3.2.7.3. 


251 


MlL-STO-14720 


5.15.2.5.3  Actuation.  Lightpens  shall  be  equipped  with  a  discrete 
actuat i ng/deactuati ng  mechani sm.  For  most  applications,  a  push-tip  switch, 
requiring  0.5N  -  1.4N  (2-5  oz)  of  force  to  actuate,  is  preferred. 

5.15.2.5.4  Feedback.  Two  forms  of  feedback  shall  be  provided  to  the  user 
when  using  a  lightpen: 

a.  Feedback  concerning  the  position  of  the  lightpen,  preferably  in  the 
form  of  displayed  cursor  (such  as  circle  or  crosshair)  or  highlighting  which 
also  informs  the  user  that  the  system  is  recognizing  the  presence  of  the 
lightpen.  The  feedback  shall  be  large  enough  to  be  seen  under  the  point  of 
the  lightpen. 

b.  Feedback  that  the  lightpen  has  actuated  and  the  input  has  been 
received  by  the  system, 

5.15.2.6  Directional  controllers. 

5.15.2.6.1  Use.  A  joystick,  trackball  or  similar  device  may  be  used  when 
precise  input  Tunct ions  are  required.  Joystick,  trackballs,  grid-and-stylus 
devices  and  x-y  controllers  shall  conform  to  5, 4. 3.2. 2,  5. 4. 3. 2. 3,  5. 4. 3. 2. 4, 
5. 4. 3. 2. 5,  and  5, 4. 3. 2. 6. 

5.15.2.6.2  Actuation/deactuation.  A  discrete  mechanism  shall  be  provided 
to  allow  the  user  to  actuate/deactuate  the  device. 

5.15.2.7  Touch  screen.  See  paragraph  5.4.6  for  information  on  touch 
screens. 


5.15.3  Data  display. 

5.15.3.1  Display  format. 

5.15.3.1.1  Consistency.  Display  formats  should  be  consistent  within  a 
system. 

a.  When  appropriate  for  users,  the  same  format  should  be  used  for  input 
and  output. 

b.  Data  entry  formats  should  match  the  source  document  formats, 

c.  Essential  data,  text,  and  formats  should  be  under  computer,  not  user, 
control. 


5.15.3.1.2  Criticality.  Only  data  essential  to  the  user's  needs  shall  be 
displayed. 


5.15.3.1.3  Readily  usable  form.  Data  presented  to  the  user  shall  be  in  a 
readily  usable  and  readable  form  such  that  the  user  does  not  have  to 
transpose,  compute,  interpolate  or  mentally  translate  into  other  units,  number 
bases  or  languages. 
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5.15.3,1.4  Order  "id  sequences.  When  data  fields  have  a  naturally 
occurring  order  (e.g.,  chronological  or  sequential),  such  order  shall  be 
reflected  in  the  format  organization  of  the  fields, 

5.15.3.1.4.1  Data  grouped  by  Importance.  Where  some  displayed  data  Items 
are  of  significant  importance  or  require  Immediate  user  response,  those  items 
should  be  grouped  at  the  top  of  the  display. 

5.15.3.1.4.2  Data  grouped  by  f uncti on .  Where  sets  of  data  are  associated 
with  particular  questions  or  related  to  particular  functions,  each  set  may  be 
grouped  together  to  help  illustrate  those  functional  relationships. 

5.15.3.1.4.3  Data  grouped  by  frequency.  Where  some  data  items  are  used 
more  frequently  than  others,  those  items  may  be  grouped  at  the  top  of  the 
display. 


5.15.3.1.5  Data  separation.  Separation  of  groups  of  information  should  be 
accomplished  by  blanks,  spacing,  lines,  color  coding,  or  other  means 
consistent  with  the  application. 

5.15.3.1.6  Recurring  data  fields.  Recurring  data  fields  within  a  system 
shall  have  consistent  names  and  should  have  consistent  relative  position 
within  displays, 

5.15.3.1.7  Extended  alphanumerics.  When  five  or  more  alphanumeric 
characters  without  natural  organization  are  displayed,  the  characters  shall  be 
grouped  in  blocks  of  three  to  five  characters  within  each  group  separated  by  a 
minimum  of  one  blank  space  or  other  separating  character  such  as  a  hyphen  or 
slash. 


5.15.3.1.8  Comparative  data  fields.  Data  fields  to  be  compared  on  a 
character-by •character  basis  shall  be  positioned  one  above  the  other  with 
alignment  of  characters  to  be  compared. 

5.15.3.1.9  Labels  and  titles.  Each  display  shall  be  labeled  with  a  title 
or  label  that  Ts  unTque  within  the  system.  To  make  the  display  as  meaningful 
as  possible  and  to  reduce  user  memory  requ1re''^nts,  every  field  or  column 
heading  should  be  labeled. 

5.15.3.1.9.1  Display  title.  Every  display  should  begin  with  a  title  or 
header  at  the  top,  (lescribing  briefly  the  contents  or  purpose  of  the  display. 
There  shall  be  at  least  one  blank  line  between  the  title  and  the  body  of  the 
displ  ay, 

5.15.3.1.9.2  Command  entry,  prompts,  messages  at  bottroi.  The  last  several 
lines  at  the  bottom  of  every  display  should  be  reserved  for  status  and  error 
messages,  prompts,  and  command  entry. 

5.15.3.1.10  Data  group  labels.  Each  individual  data  group  or  message  shall 
contain  a  descriptive  title,  phrase,  word  or  similar  device  to  designate  the 
content  of  the  group  or  message.  Labels  shall: 
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a.  Be  located  in  a  consistent  fashion  adjacent  to  (and  preferably  above 
or  to  the  left  of)  the  data  group  or  message  they  describe. 

b.  Be  unambiguously  related  to  the  group,  field,  or  message  they 
describe. 

c.  Be  highlighted  or  otherwise  accentuated  to  facilitate  operator 
scanning  and  recognition.  The  technique  used  to  accentuate  labels  shall  be 
different  from,  and  easily  distinguished  from,  that  used  to  highlight  or  code 
emergency  or  critical  messages. 

d.  Be  unique  and  meaningful  to  distinguish  them  from  data,  error 
messages,  or  other  alphanumerics. 

e.  Be  displayed  in  upper  case  only,  while  text  may  be  displayed  in  upper 
and  lower  case. 

f.  Reflect  the  question-  or  decision  being  posed  to  the  user,  when 
presenting  a  list  of  user  options. 

5.15.3.1.11  Scrolling.  Items  continued  on  the  next  page  (scrolled)  should 
be  numbered  relative  to  the  last  item  on  the  previous  page. 

5.15.3.1.12  Page  numbering.  Each  page  of  a  multiple  page  display  shall  be 
labeled  to  identify  the  currently  displayed  page  and  the  total  number  of 
pages,  e.g.,  Page  2  of  5. 

5.15.3.1.13  Frame  identification.  Every  display  frame  shall  have  a  unique 
identification  to  provide  a  reference  for  use  in  requesting  the  display  of 
that  frame.  The  frame  identification  should  be  an  alphanumeric  code  or  an 
abbreviation  which  is  prominently  displayed  in  a  consistent  location.  It 
should  be  short  enough  (3-7  characters)  and/or  meaningful  enough  to  be  learned 
and  remembered  easily. 

5.15.3.2  Display  content. 

5.15.3.2.1  Standardization.  The  content  of  displays  within  a  system  shall 
be  presented  in  a  conslstehi,  standardized  manner, 

5.15.3.2.2  Information  density.  Information  density  shall  be  held  to  a 
minimum  in  di spl ays  useJ  for  cruical  task  sequences.  A  minimum  of  one 
character  space  shall  be  left  blank  vertically  above  and  below  critical 
information  with  a  minimum  of  two  character  spaces  left  blank  horizontally 
before  and  after  (see  5.15.3.1.5  and  5.15.3.3.1). 

5.15.3.2.2,1  Crowded  displays.  When  a  display  contains  too  much  data  for 
presentation  in  a  s  1  ng  1  e  f r^V  the  data  shall  be  partitioned  into  separately 
displayable  pages. 
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5.15.3.2.2.2  Related  data  on  same  page.  When  partitioning  displays  Into 
multiple  pages,  i*unctionalTy  related  data  items  shall  be  displayed  together  on 
one  page. 

5.15.3.2.2.3  Page  labeling.  In  a  multipage  display,  each  page  shall  be 
labeled  to  show  its  relation  to  the  others. 

5.15.3.2.3  Abbreviations  and  acronyms.  Information  shall  be  displayed  in 
plain  concise  text  wherever  possible.  Abbreviations  and  acronyms  shall 
conform  to  MIL-STO-12.  MIL-STO-411,  or  mL-STD-783.  New  acronyms,  if 
required,  shall  be  developed  using  the  rules  of  abbreviation  in  MIL-STD-12. 
Abbreviations  should  be  distinctive  to  avoid  confusion.  Words  should  have 
only  one  consistent  abbreviation.  No  punctuation  should  be  used  in 
abbreviations.  Definitions  of  all  abbreviations,  mnemonics  and  codes  should 
be  provided  at  the  user’s  request. 

• 

5.15.3.2.4  Data  entry  and  display  consistency.  Data  display  word  choice, 
format,  and  style  should  be  consUtent  with  the  requirements  for  data  entry 
and  control. 


5.15.3,2.5  Context  for  displayed  data.  The  user  should  not  have  to  rely  on 
memory  to  interpret  new  data;  each  data  display  should  provide  needed  context, 
including  recapitulating  prior  data  from  prior  displays  as  necessary. 

5.15.3.3  Display  coding. 

5.15.3.3.1  Use.  Coding  shall  be  employed  to  differentiate  between  items  of 
information  an?To  call  the  user’s  attention  to  changes  in  the  state  of  the 
system.  Coding  should  be  used  for  critical  information,  unusual  values, 
changed  items,  items  to  be  changed,  high  priority  messages,  special  areas  of 
the  display,  errors  in  entry,  criticality  of  command  entry,  and  targets. 
Consistent,  meaningful  codes  shall  be  used.  Coding  shall  not  reduce 
legibility  or  increase  transmission  time. 

5.15.3.3.2  Flash,  Flash  coding  shall  be  employed  to  call  the  user's 
attention  to  mTssTon  critical  events  only.  No  more  than  2  flash  rates  shall 
be  used.  Where  one  rate  is  used,  the  rate  shall  be  between  3  and  5  flashes 
per  second.  Where  two  rates  are  used,  the  second  rate  shall  be  less  than 

2  per  second. 

5.15.3.3.3  Brightness.  Brightness  intensity  coding  shall  be  employed  only 
to  di f ferenti ate  oetween  an  item  of  information  and  adjacent  information.  No 
more  than  two  levels  of  brightness  shall  be  used.  Each  level  shall  be 
separated  from  the  nearest  by  at  least  a  2:1  ratio. 

5.15.3.3.4  Pattern  and  location.  Pattern  and  location  coding  shall  be 
employed  to  reduce  user  search  time  by  restricting  the  area  to  be  searched  to 
prescribed  segments. 

5.15.3.3.5  Underlining.  Underlining  may  be  employed  to  indicate  unusual 
values,  errors  Tn  entry .changed  items  or  items  to  be  changed. 
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5.15.3.3.6  Symbol  and  size.  Symbol  coding  may  be  employed  to  enhance 
information  assimilation  from  data  displays.  Symbols  shall  be  analogs  of  the 
event  or  system  element  they  represent  or  be  in  general  use  and  well  known  to 
the  expected  users.  Where  size  difference  between  symbols  is  employed,  the 
major  dimensions  of  the  larger  shall  be  at  least  150  percent  of  the  major 
dimension  of  the  smaller  with  a  maximum  of  three  size  levels  permitted. 

5.15.3.3.6.1  Special  symbols.  When  special  symbols  are  used  to  signal 
critical  conditions,  they  shall  be  used  for  only  that  purpose. 

5.15.3.3.6.2  Markers  close  to  words  marked.  When  a  special  symbol  is  used 
to  mark  a  word,  the  symbol  shall  be  separated  from  the  beginning  of  the  word 
by  one  space. 

5.15.3.3.7  Color.  Color  coding  may  be  employed  to  differentiate  between 
classes  of  information  in  complex,  dense,  or  critical  displays.  The  colors 
selected  shall  not  conflict  with  the  color  associations  specified  in  Table  II. 
Information  shall  not  be  coded  solely  by  color  if  the  data  must  be  accessed 
from  monochromatic  as  well  as  color  terminals  or  printed  i.n  hardcopy  versions. 

5.15.3.3.8  Shape.  Shape  coding  may  be  used  for  search  and  identification 
tasks.  When  shape  coding  is  used,  the  codes  selected  shall  be  based  on 
established  standards  or  conventional  meanings. 

5.15.3.3.9  Brightness  inversion.  When  a  capability  for  brightness 
inversion  is  ava^ i able  ( so-cal 1 ed  “reverse  video”,  where  dark  characters  on  a 
bright  background  can  be  changed  under  computer  control  to  bright  on  dark,  or 
vice  versa),  it  may  be  used  for  highlighting  critical  items  that  require  user 
attention.  When  used  for  alerting  purposes,  brightness  inversion  shall  be 
reserved  consistently  for  that  purpose,  and  not  be  used  for  general 
highlighting, 

5.15.3.4  Dynamic  displays. 

5.15.3.4.1  Changing  values.  Changing  alphanumeric  values  which  the 
operator  must  reTi abTy  read  shal 1  not  be  updated  more  often  than  once  per 
second.  Changing  values  which  the  viewer  uses  to  identify  rate  of  change  or 
to  read  gross  values  shall  not  be  updated  faster  than  5  times  per  second,  nor 
slower  than  2  per  second,  when  the  display  is  to  be  considered  as  real-time. 

5.15.3.4.2  Update  rate.  The  rate  of  update  should  be  controllable  by  the 
user  and  shall  be  determined  by  the  use  to  be  made  of  the  information. 

5.15.3.4.3  Display  freeze.  A  display  freeze  mode  shall  be  provided  to 
allow  close  scrutiny  of  any  selected  frame  that  Is  updated  or  advanced 
automatically  by  the  system.  For  frozen  display  frames,  an  option  shall  be 
provided  to  allow  resumption  at  the  point  of  stoppage  or  at  the  current 
real-time  point. 

5.15.3.4.4  Freeze  feedback.  An  appropriate  label  shall  be  provided  to 
remind  the  operator  when  the  display  is  in  the  freeze  mode. 
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5.15.3,5  Tabular  data. 

5.15.3.5.1  Use.  Tabular  data  displays  shall  be  used  to  present  row-column 
data  to  aid  detail ed  comparison  of  ordered  sets  of  data, 

5.15.3.5.2  Standard  formats.  Location  of  recurring  data  shall  be  similar 
among  all  tabular  data  dispel ayed  and  common  throughout  the  system. 

5.15. 3.5. 3  Arrangement .  Tabular  data  shall  be  displayed  in  rows  and 
columns.  If  the  data  in  the  rows  has  order,  the  order  shall  be  Increasing 
from  left  to  right.  If  the  data  in  the  columns  has  order,  the  order  shall  be 
increasing  from  top  to  bottom  of  the  display. 

5.15.3.5.4  Titles.  When  tabular  data  are  divided  into  classifications,  the 
classification  titles  shall  be  displayed  and  subclassification  shall  be 
identified.  When  tabular  data  extend  over  more  than  one  page  vertically,  the 
columns  shall  be  titled  identically  on  each  page. 

5.15.3.5.5  Horizontal  extension.  Tabular  displays  should  not  extend  over 
more  than  one  page  horizontally. 

5.15.3.5.6  Lists.  Items  in  lists  shall  be  arranged  in  a  recognizable 
order,  such  as  chronological ,  alphabetical,  sequential,  functional,  or 
Importance. 


5.15.3.5.6.1  List  lines.  Each  Item  in  a  list  shall  start  on  a  new  line, 

5.15.3.5.6.2  Vertical  extension.  Where  lists  extend  over  more  than  one 
display  page,  the  "last  line  o^  one  page  shall  be  the  first  line  on  the 
succeeding  page. 


5.15.3.5.6.3  Harking  multiline  items  In  a  list.  Where  a  single  item  in  a 
list -continues  for  more  than  one  Tine,  such  items  shall  be  marked  in  some  way 
(e.g,,  blank  line,  indentation)  so  that  the  continuation  of  the  Item  is 
obvious. 


5.15.3.5.6.4  Arabic  numerals.  When  listed  items  will  be  numbered,  Arabic 
numerals  should  be  used  rather  than  Roman, 

5.15.3.5.6.5  Vertical  ordering  in  moltiple  columns.  Where  items  in  a  list 
are  displayed  in  muTtipTe  columns,  items  snail  be  ordered  vertically  within 
each  column. 


5.15.3.5.6.6  Hierarchic  structure  for  long  lists.  Where  lists  are  long  and 
must  extend  beyond  more  than  one  splayed  page,  a  hierarchic  structure  shall 
be  used  to  permit  the  logical  partitioning  into  related  shorter  lists. 

5.15.3.5.7  Numeric  punctuation.  Long  numeric  fields  should  be  punctuated 
with  spaces,  coovnas,  or  sTashes,  Conventional  punctuation  schemes  should  be 
used  if  in  common  usage.  Where  none  exist  a  space  should  be  used  after  every 
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third  or  fourth  digit.  Leading  zeros  shuTI  not  be  used  in  nuinerical  data 
except  vvhere  n«?eded  for  clarity. 

5.15.3.5.8  Alphanumeric  grouping.  Strings  of  alphanusRericr^  should  be 
grouped  into  sets  of  three  to  five  characters  or  grouped  at  natural  breaks. 
When  a  code  consists  of  both  letters  and  digits,  common  character  types  should 
be  grouped  by  cawion  character  type  for  eace  of  location. 

5.15.3.5.9  Distinctive  and  informative  labels.  Rows  and  columns  shall  be 
labeled  dist'fhcfTTeTy  to  guide  data  entry.' 

5.15.3.5.10  Justification  of  ntimeris  entry.  Users  shall  be  allowed  to  make 
numeric  entries  in  tables  without  concern  for  justificatio!>:  the  computer 
shall  right-justify  Integers,  cr  else  justify  with  icspect  to  a  decimal  point 
if  present, 

5.15.3.5.11  Lapel  iinits  of  measurement.  In  tabular  displays,  the  units 
of  displayed  data  shau  be  consistently  inciuded  1r  the  column  labels, 

5.15.3.5.12  Consistent  column  spaclno.  Column  spring  within  a  table  and 
from  one  table  \o  ancf sRbuTd  be  unTvbmi  and  consistent. 

5.15.3.5.13  Columr  scann1n*a  cues.  A  column  separation  of  at  least  r.htee 
spaces  shall  be  maintained, 

5.15.3.5.14  Row  scanning  cues.  In  danse  tables  wnh  many  rows,  a  blank 
Vine  shall  be  1nser£eff“a7?eFa  group  of  rows  at  regular  intervals.  No  more 
than  five  lines  should  be  displaced  without  a  blank  line  being  inserted. 

5.15<.3.6  Graphic  displays, 

5.15.3.6.1  Use.  Graphic  data  displays  may  be  u^ed  to  present  assessment  of 
trend  InformatTon,  spatially  structured  data,  tiroa  critical  information  or 
relatively  imprecise  information. 

5.15.3.6.2  Recurring  data.  See  5.15.3.1,5. 

5.15.3.6.3  Refresh  rates.  Graphic  displays  which  require  user  visual 
integration  ot  'eSah^ng  "patterns  shall  be  updated  at  the  maximum  refresh  rate 
of  the  display  device  consistent  with  the  user's  information  handling  rates. 

5.15.3.6.4  Graph  axes.  The  ones  cf  graphs  shall  be  labeled  and  should  be 
graduated  in  accordance  with  5. 2. 3.1  i,  5. 2.3. 1.5,  and  5. 2.3. 1.6. 

5.15.3.6.5  T«*end  lines.  When  trend  lines  are  to  be  compared,  multiple 
lines  should  be  used  on  a  single  graph. 

5.15.3.6.6  Pointing.  Where  graphir  data  entry  Involves  frequent  pointing 
on  a  display  surface,  the  user  interface  shall  provide  display  control  and 
sequence  control  by  pointing,  ir.  order  to  minimize  shifts  from  one  entry 
device  to  another.  For  example,  in  drawing  a  flow  chart,  a  user  should  be 


258 


MIL-STD-14720 


able  to  link  elements  or  points  directly  by  pointing  at  them  or  drawing  lines 
between  rather  than  by  separately  keyed  entries. 

£.15 .,3. 6. 7  Distinctive  cursor.  The  current  cursor  position  on  graphic 
di sol  ays  shall  be  indicated  by  displaying  some  distinctive  cursor  symbol  at 
that  point,  e.g.,  a  plus-sign,  representing  abbreviated  cross-hairs  whose 
intersection  can  mark  a  position  with  reasonable  precision. 

5.15.3.6.8  Precise  positioning.  Where  data  entry  requires  exact  placement 
of  graphic  elements,  users  shall  be  provided  the  capability  for  expansion  of 
tne  critical  display  area  (e.g.,  zooming  and  panning)  to  make  the  positioning 
task  easier  and  more  precise. 

5.15.3.6.9  Confirming  cursor  position.  For  most  graphics  data  entry, 
pointing  should  be  a  dual  action,  with  the  first  action  positioning  the  cursor 
at  a  desired  position  and  the  second  action  confirming  that  position  to  the 
computer.  An  exception  may  be  a  design  allowing  "free-hand"  drawing  of 
continuous  lines  where  the  computer  must  store  and  display  a  series  of  cursor 
positions  as  they  are  entered  by  the  user. 

5.15.3.6.10  Selecting  graphic  elements.  Users  shall  be  provided  some  means 
for  designating  and  selecting  displayed  graphic  elements  for  manipulation. 
Norr^ally  this  function  is  performed  by  pointing  where  a  pointing  device  is 
provided  fur  line  drawing  purposes. 

5.15.3.6.11  Selecting  from  displayed  attributes.  During  graphic  data 
entry,  users  shoul <J  be  aTl'we? ' to  spedfy  atCrlHules  for  displayed  elenents 
(e.g.,  text  font,  plotting  symbol,  line  type)  by  selecting  from  displayed 
samples  illustrating  the  available  options. 

5.15.3.6.12  DUplaving  current  attributes.  During  graphic  data 
entry/editing,  the  $eVected'"'attrXbutes^^^t^  wil  1  affect  current  actions  shall 
be  displayed  for  ready  reference  as  a  reminder  gf  current  selections  in 
effect. 


5.16.3.6.13  Easy  storage  and  retrieval.  An  easy  and  convenient  means  shall 
be  provided  for  saving  and  retrieving  graphic  displays  for  their  possible 
re-use.  The  user  should  be  allowed  to  designate  filenames  of  his  or  her 
choice  for  the  stored  graphic  data. 

5.15.3.6.14  Automatic  data  registration.  The  computer  should  provide 
automatic  registration  or  alignment  of  computer-generated  graphic  data,  so 
that  variable  data  are  shown  properly  with  respect  to  fixed  background  or  data 
map  at  any  display  scale. 

5.15.3.6.15  Predefined  graphic  formats.  Where  graphic  data  must  be  plotted 
in  predefined  standard  formats  Te.g.,  target  areas  on  maps,  flight  plans), 
templates  or  skeletal  displays  shall  be  provided  for  those  fomats  to  aid  data 
entry. 


259 


MIL-ST0-1472D 


5.15.3.6.16  Computer  derivation  of  graphic  data.  When  graphic  data  can  be 
derived  from  data  already  available  "in  the  computer,  machine  aids  for  that 
purpose  shall  be  provided, 

5.15.3.6.17  Drawing  lines.  When  line  drawing  is  required,  users  shall  be 
provided  with  aids  for  drawing  straight  line  segments.  When  line  segments 
must  join  or  intersect,  computer  aids  shall  be  provided  to  aid  in  such 
connection. 

5.15.3.6.18  Drawing  figures.  When  a  user  must  draw  figures,  computer  aids 
shall  be  provided  for  that  purpose  {e.g.,  templates,  tracing  techniques, 
stored  forms). 


5.15.3.6.19  Changing  size.  When  editing  graphic  data,  users  shall  be 
provided  with  the  capaoility  to  change  the  size  (scale)  of  any  selected 
element  on  the  display,  rather  than  delete  and  recreate  the  element  in  a 
different  size. 


5.15.3.6.20  Highlighting  critical  data.  When  a  user's  attention  must  be 
directed  to  a  portion  of  a  graphic  display  showing  critical  or  abnormal  data, 
that  feature  should  be  highlighted  with  some  distinctive  means  of  data  coding. 

5.15.3.6.21  Reference  index.  When  a  user  must  compare  graphic  data  to  some 
significant  level  or  critical  value,  a  reference  index  or  baseline  shall  be 
Included  in  the  display, 

5.15.3.6.22  Data  annotation.  When  precise  reading  of  a  graphic  display  may 
be  required,  the  capability  should  be  provided  to  supplement  the  graphic 
representation  with  the  actual  numeric  values. 

5.15.3.6.23  Normal  orientation  for  labels.  The  labels  on  dynamic  graphic 
displays  shall  rwa “I n  wf tK  the  top  of  tKe  Tabel  up  when  the  displayed  image 
rotates . 


5.15.3.6.24  Pictorial  symbols.  Pictorial  symbols  (e.g,,  icons,  pictograms) 
should  look  1  i ke ' t^ie  ob Ject s ,  features ,  or  processes  they  represent. 

5.15.3.6.25  Display  of  scale.  When  a  map  or  other  graphic  display  has  been 
expanded  from  its  normal "presentation,  an  indicator  of  the  scale  expansion 
shall  be  provided. 

5.15.3.6.26  Consistent  scaling.  Wiien  users  must  compare  graphic  data 
across  a  series  of  charts,  the  sine  scale  should  be  used  for  each  chart. 

5.15.3.6.27  Single  scale  only.  Where  graphs  are  presented,  only  a  single 
scale  shall  be  shown  in  each  axis,  rather  than  including  different  scales  for 
different  curves  in  the  graph.  If  interpolation  must  be  made  or  where 
accuracy  of  reading  graphic  data  is  required,  computer  aids  should  be  provided 
the  user. 
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5.15.3.6.28  Unobtrusive  grids.  When  grid  lines  are  drsplayed,  they  should 
be  unobtrusive  and  shall  not  obscure  data  elements.  Grid  lines  should  be 
displayed  or  suppressed  at  the  option  of  the  user. 

5.15.3.6.29  Direct  display  of  differences.  Where  users  must  evaluate  the 
difference  between  two  sets  of  data,  that  difference  should  be  plotted 
directly  as  a  curve  in  its  own  right,  rather  than  requiring  users  to  compare 
visually  the  curves  that  represent  the  original  data  sets. 

5.15.3.6.30  Bar  graphs.  Bar  graphs  should  be  used  for  comparing  a  single 
measure  across  a  set  of  several  entities  or  for  a  variable  sampled  at  discrete 
Intervals. 


5.15.3.6.30.1  Bar  spacing.  Adjacent  bars  should  be  spaced  closely  enough, 
normally  not  more  than  one  bar  width,  so  that  a  direct  visual  comparison  can 
be  made  without  eye  movement. 

5.15.3.6.30.2  Histograms  (step  charts).  Histograms  (bar  graphs  without 
spaces  between  the'  bars)  should  be  used  where  bar  graphs  are  required  and 
where  a  great  many  intervals  must  be  plotted. 

5.15.3.7  Text/program  editing. 

5.15.3.7.1  Buffer,  When  inserting  characters,  words  or  phrases  (e.g., 
editing),  items  to  be  inserted  should  be  collected  in  a  buffer  area  and 
displayed  In  the  prescribed  Insert  area  of  the  screen  for  subsequent  Insertion 
by  user  command. 

5.15.3.7.2  Presentation  mode.  Display  mode  rather  than  line  mode  should  be 
used  for  text  editing. 

5.15.3.7.3  Display  window.  ROLL  and  SCROLL  commands  should  refer  to  the 
display  w1  ndow ,  not  the“ 'text/data ;  that  Is,  the  display  window  should  appear 
to  the  user  to  be  an  aperture  moving  over  stationary  text. 

5.15.3.7.4  £d1t1n<)  commands.  Editing  commands,  such  as  HOVE,  COPY,  and 
DELETE,  for  adding,  inserting,  or  deleting  text/prograra  segments  shall  be 
provided. 


5.15.3.7.4.1  Text  edit  commands.  In  text  editing,  editing  commands  should 
be  based  on  character,  word,  sentence,  paragraph,  and  higher-order  segments. 

5.15.3.7.4.2  Program  edit  commands.  In  program  editing,  the  special 
commands  shall  be  Msed  on  Tines  or  subprograms.  Program  lines  shall 
reflect  a  numbering  scheme  for  ease  in  editing  and  error  correction.  When 
available,  line-by-line  syntax  checking  shall  be  under  user  control. 

5.15.3.7.4.3  Tab  controls.  For  editing  programs  or  tabular  data,  cursor 
tab  controls  or  other  provisions  for  establishing  and  moving  readily  from 
field  to  field  shall  be  provided. 
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5.15.3.7.5  Editing  commands.  Where  editing  commands  are  made  by  keying 
onto  the  display,  the  editing  commands  shall  be  readily  distinguishable  from 
the  displayed  textual  material, 

5.15.3.7.6  Highlighted  text.  Where  text  has  been  specified  to  become  the 
subject  of  control  entries  (e.g.,  for  underlining,  bolding,  moving,  copying, 
or  deleting),  the  affected  segment  of  text  shall  be  highlighted  to  indicate 
its  boundaries. 

5.15.3.7.7  String  search.  The  capability  shall  be  provided  to  allow  the 
user  to  specify  a  string  of  text  (words,  phrases,  or  numbers)  and  request  the 
computer  to  advance  (or  back  up)  the  cursor  automatically  to  the  next 
occurrence  of  that  string. 

5.15.3.7.8  Automatic  line  break.  An  automatic  line  break  (carriage  return) 
shall  be  provided  when  the  text  reaches  the  right  margin  for  entry/editing  of 
unformatted  text.  User  override  shall  be  provided. 

5.15.3.7.9  Format  control .  An  easy  means  shall  be  provided  for  users  to 
specify  requi red  format " control  features  during  text  entry/ editing,  e.g,,  to 
specify  margins,  tab  settings,  line  soacing,  etc. 

5.15.3.7.10  Predefined  formats.  When  text  formats  must  follow  predefined 
standards,  the  required  format  shall  be  provided  automatically.  Where  text 
formats  are  a  user  option,  a  convenient  iteans  should  be  provided  to  allow  the 
user  to  specify  and  store  for  future  use  the  formats  that  have  been  generated 
for  particular  applications. 

5.15.3.7.11  Frequently  used  text.  The  capability  snail  be  provided  to 
label  and  store  frequently  us^  text  segments  (e.g.,  signature  blocks, 
organizational  nwjes,  call  signs,  coordinates),  and  lav^r  to  recall  (copy  into 
current  text)  stored  segments  identified  by  their  assigned  labels. 

5.15.3.7.12  Text  displayed  as  printed.  Users  should  have  the  option  of 
displaying  text  as  it  win  be  printed, Tncluding  underlining,  boldface, 
subscript,  superscript,  special  characters,  special  symbols,  and  different 
styles  and  sizes  of  type.  Where  display  of  all  possible  features  (e.g., 
special  fonts)  is  impractical,  format  codes  should  be  highlighted  and 
displayed  within  the  text  In  order  to  mark  the  text  that  will  be  affected  by 
the  code. 


5.15,3.7.13  Control  annotatl ons .  Where  special  formatting  features  are 
indicated  in  the  text  by  use  of  special  codes  or  annotation,  the  insertion  of 
the  special  annotation  should  not  disturb  the  spacing  of  the  displayed  text 
and  shall  not  disturb  formatting  of  graphs  and  tables  or  alignment  of  rows  and 
columns. 


5.15.3.7.14  Flexible  printing  options.  In  printing  text,  users  shall  be 
allowed  to  sel ect  i^ng  avalTab le  output  formats  (e.g.,  line  spacing, 
character  size,  margin  size,  heading,  and  footing)  and  to  specify  the  pages  of 
a  document  to  be  printed. 
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5.15.3.7.15  Head-  and  foot -.of  fUe.  The  means  shall  be  provided  to  readily 
move  the  cursor  to  the  head  <rr”the  foot  (end)  of  the  file. 

5.15.3.8  Audio  displays. 

5.15.3.8.1  Uses.  Audio  displays  (signals),  used  as  part  of  the 
user-computer  Interface,  have  application  where; 

a.  The  common  mode  of  visual  display  is  restricted  by  overburdening  or 
user  nobility  needs  and  it  is  desirable  to  cue,  alert  or  warn  the  user,  or 

b.  The  user  should  be  provided  feedback  after  control  actuation,  data 
entry,  or  completion  of  timing  cycles  and  sequences. 

5.15.3.8.2  Other  requirements.  Other  audio  design  criteria  apply:  see 
5.3.1,  5.3.2.lT~ancrT73T5T7r~~” 

5.15.3.8.3  Supportive  function  -  audio.  Audio  signals  used  in  conjunction 
with  visual  displays "sHyi!  be  suppTemehtary  to  the  visual  signals  and  shall  be 
used  to  alert  and  direct  the  user's  attention  to  the  appropriate  visual 

displ  ay. 


5.15.3.8.4  Signal  characteristics.  Signals  may  be  one  time  or 
intermittent,  tntemi ttent'  signets  "shal  1  be  automatically  terminated  when  no 
longer  applicable,  and  by  operator  control. 

5.15.3.0.5  frequency.  See  5, 3. 3,1.1. 

5.15.3.8.6  Audibility.  See  5. 3, 4.1 

5.15.3.8.7  A1 arm  settings.  When  alarm  signals  are  established  on  the  basis 
of  user-def i ne'd  TogTc , "useR  shall  be  permitted  to  obtain  status  information 
concerning  current  alarm  settings,  in  terms  of  dimensions  (variables)  covered 
and  values  (categories)  established  as  critical.  Alarm  status  information  is 
particularly  necessary  In  monitoring  situations  where  responsibility  may  be 
shifted  from  one  user  to  another  as  in  changes  of  shift. 

5.15.4  Interactive  control. 

5,15.4.1  General .  General  design  objectives  include  consistency  of  control 
action,  mi nimfie^'  need  for  control  actions,  and  minimized  memory  load  on  the 
user,  with  flexibility  of  interactive  control  to  adapt  to  different  user 
needs.  As  a  general  principle,  it  is  the  user  who  should  decide  what  needs 
doing  and  when  to  do  it.  The  selection  of  dialogue  types  should  be  based  on 
anticipated  task  rcquiranents  and  user  skills.  Different  types  of  dialogue 
imply  differences  in  system  response  time  for  effective  cooperation. 

Estleaated  relative  requirements  for  user  training  and  for  system  response  time 
are  given  in  Table  kXVlli. 

5*15.4.1.1  Response  time.  System  response  times  shall  be  consistent  with 
operational  reqjTTrSientsI  Required  user  response  tiroes  shall  be  compatible 
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with  required  system  response  time.  Required  user  response  times  shall  be 
within  the  limits  imposed  by  total  user  tasking  expected  in  the  operational 
environment,  (See  5.15.8) 

5.15.4.1.1.1  Response  time  induced  keyboard  lockout.  If  computer 
processing  time  requires  delay  of  concurrent  user  Inputs  and  no  keyboard 
buffer  is  available,  keyboard  lockout  shall  occur  until  the  computer  cm 
accept  the  next  transaction.  An  alert  shall  be  displayed  to  indicate  to  the 
user  that  lockout  has  occurred. 

5.15.4.1.1.2  Keyboard  restorat i on .  When  the  computer  is  ready  to  continue, 
following  response  time-induced  keyboard  lockout,  a  signal  to  so  indicate 
shall  be  presented,  e.g.,  cursor  changes  back  to  normal  shape. 

TABLE  XXVIII.  DIALOGUE  TYPE  VERSUS  USER  TRAINING  AND  SYSTEM  RESPONSE 


Oialoque  Type 

Requi red 

User  Traininq 

Tolerable  Speed  of 

System  Response 

Question  and  Answer 

None 

Moderate 

(.5  to  less  than  2  secs) 

Menu  Selection 

None 

Very  Fast 

(less  than  .2  secs) 

Form  Filling 

Moderate 

Slow 

(greater  than  2  secs) 

Function  Keys 

Moderate 

Very  Fast 

(less  than  .2  secs) 

Command  Language 

High 

Hoderate/Slow 

(.5  to  greater  than  2  secs) 

Natural /Query  Language 

Moderate 

Fast 

(.2  to  less  than  .5  sec) 

Graphic  Interaction 

High 

Very  Fast 
(less  than  .2  sec) 

5.15.4.1.1.3  Interrupt  to  end  keyboard  lockout.  When  keyboard  lockout  has 
occurred,  the  user  stiduV d  be  provided  wi tii  a'  capabi  1  i ty  to  abort  a  transaction 
that  has  resultcKi  In  an  extended  lockout.  Such  capability  should  act  like  an 
UNDO  command  that  stops  ongoing  processing  and  does  not  RESET  the  computer 
thereby  losing  prior  processing, 

5.15.4,1.2  Simplicity.  Control /display  relationships  shall  be 
st ra i ghtf orwa rd ' ah(f  expi  1  c  1 1 .  Control  actions  shall  be  simple  and  direct, 
whereas  potentially  destructive  control  actions  shall  require  extended  user 
attention  such  they  are  not  easily  acted  on. 
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5.15.4.1.3  Accidental  actuation.  Provision  shall  be  made  to  prevent 
accidental  actuation  of  potentially  destructive  control  actions,  including  the 
possibility  of  accidental  erasure  or  memory  dump. 


5.15.4.1.4  Compatibility  with  user  skill.  Controls  shall  be  compatible 
with  the  lowest  anti cipatea  user  skill  levels.  Experienced  users  should  have 
options  which  shortcut  intervening  steps  necessary  for  inexperienced  users. 

5.15.4.1.5  Availability  of  information.  Information  necessary  to  select  or 
enter  a  specific  control  action  shall  be  available  to  the  user  when  selection 
of  that  control  action  is  appropriate. 

5.15.4.1.6  Concurrent  display.  Control  actions  to  be  selected  from  a 
discrete  set  of  alternatives  shall  have  those  alternatives  displayed  prior  to 
the  time  of  selection.  The  current  value  of  any  parameter  or  variable  with 
which  the  user  is  interacting  shall  be  displayed.  User  control  inputs  shall 
result  in  a  positive  feedback  response  displayed  to  indicate  performance  of 
requested  actions. 

5.15.4.1.7  Hierarchical  process.  When  hierarchical  levels  are  used  to 
control  a  process  orTequence,  tfiie  number  of  levels  shall  be  minimized. 

Display  and  input  formats  shall  be  similar  within  levels  and  the  system  shall 
indicate  the  current  positions  within  the  sequence  at  all  times. 

5.15.4.1.8  User  memorization.  The  requirement  to  learn  mnemonics,  codes, 
special  or  long  sequences*  or  special  instructions  shall  be  minimized. 

5.15.4.1.9  Dialogue  type.  The  choice  of  dialogue  type  (e,g.,  form  filling, 
menus,  command  language)  for  interactive  control  shall  be  compatible  with  user 
characteristics  and  task  requirements, 

5.15.4.1.10  Number  system.  When  numeric  data  is  displayed  or  required  for 
control  input,  sucH  data  shall  be  in  the  decimal,  rather  than  binary,  octal, 
hexadecimal  or  other  number  system, 

5.15*4,1,11  Data  manipulation.  The  user  should  be  able  to  manipulate  data 
without  concern  for  internal  storage  and  retrieval  mechanisms  of  the  system. 

5.15.4.1.12  Computer  processing  constraints.  The  sequence  of  transaction 
selection  should  generally  be  df stated  by  user  choices  and  not  by  internal 
computer  processing  constraints. 

5.15.4.1.13  Feedback  for  correct  input.  Control  feedback  responses  to 
correct  user  i rtput  shal T  c'bnsi sT'of  changes  in  state  or  value  of  those 
elements  of  the  displays  which  are  being  controlled  in  an  expected  and 
logically  natural  form.  An  acknowledgement  message  shall  be  employed  only  in 
those  cases  where  the  more  conventional  mechanism  is  not  appropriate  or  where 
feedback  response  time  must  exceed  one  second. 
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5.15.4.1.14  Feedback  for  input.  Where  control  input  errors  are 
detected  by  the  system  (see  5.15.7.2) »  error  messages  shall  be  available  as 
provided  in  5.15.7.5,  and  error  recovery  procedures  shall  be  as  provided  in 
5.15.7.8. 


5.15.4.1.15  Control  input  data  display.  The  presence  and  location  of 
control  input  data  entered  by  the  usier  shall  be  clearly  and  appropriately 
indicated.  Data  displayed  should  not  mislead  the  user  with  regard  to 
nomenclature,  units  of  measure,  sequence  of  task  steps,  or  time  phasing. 

5.15.4.1.16  Originator  identification.  Except  for  broadcast  communication 
systems,  the  transmitter  of  each  message  in  inter-user  communications  should 
be  identified— automatical ly,  if  possible, 

5.15.4.2  Menu  selection. 

/ 

5.15.4.2,1  Use.  Menu  selection  Interactive  control  should  be  used  for 
tasks  that  i nvol ve  little  or  no  entry  of  arbitrary  data  and  where  users  may 
have  relatively  little  training.  It  should  also  be  used  when  a  command  set  is 
so  large  that  users  are  not  likely  to  be  able  to  commit  all  of  the  commands  to 
memory. 


5.15.4,2.2  Selection. 

5.15.4.2.2.1  Devices.  Lightpens  or  other  pointing  devices  (including  touch 
technology)  should  be  used  for  menu  selection.  (See  also  Section  5.4,6  Touch 
Screen  Controls  for  Displays).  Where  design  constraints  do  not  permit 
pointing  devices,  a  standard  window  should  be  provided  for  the  user  to  key  the 
selected  option  code.  If  menu  selection  is  accomplished  by  pointing,  dual 
actions  sho’ild  be  provided.  The  first  action  should  designate  the  selected 
option.  This  should  be  followed  by  a  separate  action  to  enter  the  selection 
into  the  computer  program, 

5.15.4.2.2.2  Titles.  Each  page  of  options  (menu)  should  have  a  title  that 
clarifies  the  purpose  of  that  menu. 

5.15.4.2.2.3  Series  entry.  Users  should  be  provided  the  capability  to 
stack  menu  selections,  i.e.,  to  make  several  menu  selections  without  having 
each  menu  displayed. 

5.15.4.2.2.4  Sequences.  A  menu  shall  not  consist  of  a  long  list  of 
multi-page  options,  but  shall  be  logically  segmented  to  allow  several 
sequential  selections  among  a  few  alternatives. 

5.15.4.2.3  Active  option  presentation.  The  system  shall  present  only  menu 
selections  for  actions  which  are  currently  available. 

5.15.4.2.4  Format  consistency.  Menus  shall  be  presented  in  a  consistent 
format  throughout  the  system  and  should  be  readily  available  at  all  times. i 
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5.15.4.2.5  Option  sequence.  Menu  selections  shall  be  listed  in  a  logical 
order,  or,  if  no  logical  order  exists,  in  the  order  of  frequency  of  use, 

5.15.4.2.6  Simple  menus.  When  the  number  of  selections  can  fit  on  one  page 
in  no  more  than  two  columns,  a  simple  menu  shall  be  used.  If  the  selection 
options  exceed  two  columns,  hierarchical  menus  may  be  used. 

5.15.4.2.7  Option  presentation.  Selection  codes  and  associated  descriptors 
shall  be  presented  on  single  lines. 

5.15.4.2.8  Direct  function  call.  If  several  levels  of  hierarchical  menus 
are  provided,  a  direct  function  call  capability  shall  be  provided  such  that 
the  experienced  user  does  not  have  to  step  through  multiple  menu  levels. 

5.15.4.2.9  Consistency  with  command  language.  When  menu  selection  is 
employed  to  train  in  the  use  of  a  command  language,  the  wording  and  order 
shall  be  consistent  with  the  command  language. 

5.15.4.2.10  Option  coding.  When  selections  are  indicated  by  coded  entry, 
the  code  associated  wUh  each  option  shall  be  included  on  the  display  in  some 
consistent  manner. 

5.15.4.2.11  Keyed  codes.  If  menu  selections  must  be  made  by  Keyed  codes, 
the  options  shall  be  coded  by  the  first  several  letters  of  their  displayed 
labels  rather  than  by  more  arbitrary  numeric  codes.  In  defining  the  codes, 
however,  they  should  not  duplicate  any  other  user  function  codes. 

5.15.4.2.12  Position  in  structure.  When  menu  traversal  can  be  accomplished 
by  clearly  defined  tiierarchical  paths,  the  user  should  be  given  some 
indication  of  the  displayed  menu's  current  position  in  the  overall  or  relevant 
structure,  such  as  by  having  an  optional  display  of  "path"  information. 

A  menu  tree  showing  the  menu  hierarchy  should  be  included  in  the  user  manual. 

5.15.4.2.13  Back  menu  When  using  hierarchical  menus,  the  user  shall  be 
able  to  return  to  the  next  higher  level  by  using  single  key  action  until  the 
initial,  top-level  menu  or  display  is  reached. 

5.15.4.2.14  Return  to  top  level.  A  function  shall  be  provided  to  directly 
recall  the  initial,  top-level  menu  or  display  without  stepping  through  the 
menu  or  display  hierarchy. 

5,15.4.3  Form  filling. 

5.15.4.3.1  Use.  Form  filling  interactive  control  may  be  used  where  some 
flexibility  1n“lata  to  be  entered  is  needed  and  where  the  users  will  have 
moderate  training.  A  form-filling  dialogue  should  not  be  used  when  the 
computer  must  handle  multiple  types  of  forms  and  the  computer  response  is 
slow. 


5.15.4.3.2  Grouping.  Displayed  forms  shall  be  arranged  such  that  related 
Items  are  grouped  together. 
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5.15.4.3.3  Format  and  content  consistency.  The  format  and  content  of 
displayed  forms  shall  be  perceptually  related  to  that  of  paper  forms  if  paper 
forms  are  used  to  guide  data  entry,  A  standard  input  form  should  be  used. 

5.15.4.3.4  Distinctiveness  of  fields.  Fields  or  groups  of  fields  shall  be 
separated  by  spaces,  lines,  or  other  delineation  cues.  Required  fields  shall 
be  distinguished  from  optional  fields, 

5.15.4.3.5  Field  labels.  Field  labels  shall  be  distinctively  presented 

such  that  they  can  be  distinguished  from  data  entry.  Labels  for  data  entry 
fields  shall  incorporate  additional  cueing  of  data  format  where  the  entry  is 
made  up  of  multiple  inputs,  e.g.,  DATE  (M/D/Y):  _ / _ / _ . 

5.15.4.3.6  Cursor.  A  displayed  cursor  shall  be  positioned  by  the  system  at 
the  first  data  entry  field  when  the  form  is  displayed.  The  cursor  shall  be 
advanced  by  a  tab  key  to  the  next  data  entry  field  when  the  user  has  completed 
entry  of  the  current  field, 

5.15.4.3.7  Entry  length  indication.  The  maximum  acceptable  length  for 
variable  length  f-telds  shalV  be  Indicated. 

5.15.4.3.8  Overwriting.  Data  entry  by  overwriting  a  set  of  characters  In  a 
field  (such  as  a  default)  should  not  be  used. 

5.15.4.3.9  Unused  underscores.  When  an  item  length  is  variable,  the  user 
shall  not  have  to  remove  unused  underscores. 

5.15.4.3.10  Dimensional  units.  When  a  consistent  dimensional  unit  Is  used 
in  a  given  entry  fieTil,  the  dimensional  unit  shall  be  provided  by  the 
computer.  When  the  dimensional  unit  varies  for  a  given  field,  it  should  be 
provided,  or  selected,  by  the  user, 

5.15.4.3.11  User  omissions.  When  required  data  entries  have  not  been 
input,  the  omission  shall  be  Indicated  to  the  user  and  either  immediate  or 
delayed  input  of  the  missing  Items  should  be  allowed.  For  delayed  entry,  the 
user  should  be  required  to  enter  a  special  symbol  In  the  field  to  indicate 
that  the  missing  Item  is  delayed,  not  overlooked. 

5.15.4.3.12  Non-entry  areas.  Non-entry  (protected)  areas  of  the  display 
shall  be  designated  and  made  inaccessible  to  the  user  via  the  cursor. 

5.15.4.3.13  Flexible  data  entry.  When  multiple  data  items  are  entered  as  a 
single  transaction!  the  user  shan  be  allowed  to  re-enter,  change,  or  cancel 
any  Item  before  taking  a  final  ENTER  action. 

5.15.4.3.14  Informative  labels.  Descriptive  wording  shall  be  employed  when 
labeling  data  fields;  use  of  arbitrary  codes  shall  be  avoided. 

5.15.4.3.15  Logical  order.  Where  no  source  document  or  external 
information  is  involved,  forms  should  be  designed  so  that  data  items  are 
ordered  in  a  logical  sequence  for  Input, 
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5.15.4,3.16  Fonn  filling  for  control  entry.  Form  filling  should  be 
considered  as  an  aid  for  composing  complex  control  entries.  For  example,  for 
a  print  request,  a  displayed  form  might  help  a  user  invoice  the  various  format 
controls  that  are  available. 

5.15.4.4  Fixed  function  keys.  Fixed  function  key  interactive  control  may 
be  used  for  tasks  requiring  only  a  limited  number  of  control  input’s  or  in 
conjunction  with  other  dialogue  types.  (See  5.15.2.3) 

5.15.4.5  Command  language. 

5.15.4.5.1  Use.  Command  language  interactive  control  may  be  used  for  tasks 
involving  a  wide  range  of  user  inputs  and  where  user  familiarity  with  the 
system  can  take  advantage  of  the  flexibility  and  speed  of  the  control 
technique. 

5.15.4.5.2  User  viewpoint.  A  command  language  shall  reflect  the  user's 
point  of  view  such  that  the  commands  are  logically  related  to  the  user's 
conception  of  what  is  being  done. 

5.15.4.5.3  Oistinctiveness.  Command  names  shall  be  distinctive  from  one 
another. 


5.15.4.5.4  Punctuation.  The  command  language  shall  contain  a  minimum  of 
punctuation  or  other  special  characters. 

5.15.4.5.5  Abbreviations.  The  user  shall  be  permitted  to  enter  the  full 
command  name  or  an  abbreviation  for  any  command  of  more  than  5  characters. 

5.15.4.5.6  Standardization.  All  commands  and  their  abbreviations,  if  any, 
shall  be  standardized  and  consistent  with  MIL-STO-12,  MIL-STO-411  or 
MlL-STD-783. 


5.15.4.5.7  Displayed  location.  Commands  shall  be  entered  and  displayed  in 
a  standard  local: fon  on  the  display. 

5.15.4.5.8  Conmiand  prompts.  The  user  shall  be  able  to  request  prompts,  as 
necessary,  to  detennine  required  parameters  or  available  options  for  an 
appropriate  next  command  entry, 

5.15.4.5.9  Complexity.  The  command  language  should  be  programmed  in  layers 
of  complexity  siicn  that  the  basic  layer  will  allow  the  inexperienced  user  to 
control  a  transaction.  As  this  person's  skill  increases,  the  command  language 
should  allow  skipping  from  basic  to  more  advanced  layers  to  meet  the  user's 
current  needs. 

5.15.4.5.10  User  definition  of  macro  commands.  The  programming  shall  not 
accept  a  user  designated  macro  name  that  is  the same  as  an  existing  command 
name. 
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5.15.4.5.11  Standard  techniques  for  cotnmand  editing.  Users  shall  be 
allowed  to  edit  erroneous  command  entries  with  the  same  techniques  that  are 
employed  to  edit  data  entries  since  consistent  editing  techniques  will  speed 
learning  and  reduce  errors. 

5.15.4.5.12  Destructive  commands.  Where  a  command  entry  may  have 
disruptive  consequences ,  the  user  shal 1  be  required  to  review  and  confirm  a 
displayed  interpretation  of  the  command  before  it  is  executed. 

5.15.4.6  Question  and  answer. 

5.15.4.6.1  Use.  Quest ion-and-answer  dialogues  should  be  considered  for 
routine  data  entry  tasks,  where  data  items  are  known  and  their  ordering  can  be 
constrained,  where  users  will  have  little  or  no  training,  and  where  the 
computer  is  expected  to  have  medium  response  speed. 

5.15.4.6.2  Questions  displayed  separately.  Each  question  should  be 
displayed  separately  in  questioh-ah'd-answer  dialogues;  users  should  not  be 
required  to  answer  several  questions  at  once. 

5.15.4.6.3  Recapitulating  prior  answers.  When  a  series  of  computer-posed 
questions  are  interrelated,  answers  to  previous  questions  should  be  displayed 
when  those  will  provide  context  to  help  a  user  answer  the  current  question, 

5.15.4.6.4  Source  document  capability.  When  questions  prompt  entry  of  data 
from  a  source  document,  the  "question  sequence  shal 1  match  the  data  sequence 

in  the  source  document. 

5.15.4.7  Query  language. 

5.15.4.7.1  Use.  Query  language  dialogue  should  be  used  for  tasks 
emphasizing  unpredictable  information  retrieval  (as  in  many  analysis  and 
planning  tasks),  with  moderately  trained  users, 

5.15.4.7.2  Natural  organization  of  data.  Query  languages  should  reflect  a 
data  structure  or  organization  perceived  by  users  to  be  natural.  For  example, 
if  a  user  supposes  that  all  data  about  a  particular  topic  are  stored  in  one 
place,  then  the  query  language  should  permit  such  data  to  be  retrieved  by  a 
single  query,  even  though  actual  computer  storage  might  carry  the  various  data 
in  different  files. 

5.15.4.7.3  Coherent  representation  of  data  organization.  A  single 
representation  of  the  data  organization  ^or  use  iii  query  formulation  should  be 
established,  e.g,,  if  different  queries  will  access  different  data  bases  over 
different  routes,  the  user  should  not  necessarily  need  to  know  this, 

5.15.4.7.4  Task-oriented  wording.  The  wording  of  a  query  should  simply 
specify  what  data  are  requested;  a  user  should  not  have  to  tell  the  computer 
how  to  find  the  data. 
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5.15.4.7.5  Logic  to  link  queries.  The  query  language  should  be  designed  to 
include  logic  elements  that  pennit  users  to  link  (e.g.,  "and,"  ''or") 
sequential  queries  as  a  single  entry. 

5.15.4.7.6  Confirming  large-scale  retrieval.  If  a  query  will  result  in  a 
large-scale  data  retrieval,  the  user  shall  be  required  to  confirm  the 
transaction  or  else  take  further  action  to  narrow  the  query  before  processing. 

5.15.4.8  Graphic  interaction.. 

5.15.4.8.1  Use.  Graphic  interaction  as  a  dialogue  may  be  considered  for 
use  by  casual  users  to  provide  graphic  aids  as  a  supplement  to  other  types  of 
interactive  control. 

5.15.4.8.2  Iconic  menus.  When  system  users  have  aifferent  linguistic 
backgrounds,  graphic  menus  may  be  u;'<:8d  which  display  icons  to  represent  the 
control  options. 

5. 15, 4,8 o 3  Supplementary  verbal  labels.  Where  icons  ore  used  to  represent 
control  actionTin  menus,  verbal  labels  shall  be  displayed  with  each  Icon  to 
help  assure  that  its  Intended  meaning  will  be  understooo. 

3.15,5  Feedback. 

5.15.5.1  Use.  Feedback  shall  be  provided  which  praseits  status  information, 
confirmation,  and  verification  throughout  the*  interaction, 

5.15.5.2  Stand-by.  When  system  functioning  requires  the  user  to  stand-by, 
WORKING,  BUSY,  or 'WAIT  messages  should  be  displayed  until  user  interaction  is 
again  possible.  Where  the  delay  is  likely  to  exceed  15  seconds,  the  user 
should  be  infomad.  For  delays  exceeding  60  seconds,  a  count-down  display 
should  show  delay  time  remaining  (see  also  5.1E.B), 

5.15.5.3  Process  outcome.  When  a  control  process  or  sequence  is  completed 
or  aborted  by  the  system,  positive  indication  shall  be  presented  to  the  user 
concerning  the  outcome  of  the  process  and  the  requi i**Mnents  for  subsequent  user 
action. 


5.15.5.4  input  confirmation.  Cc.ifinMtion  shail  not  cause  displayed  data 
removal .  —  . 


5.15.5.5  Current  modes.  When  multiple  modes  of  operation  exist,  a  means 
should  be  provHeTTo  remind  the  user  of  t.ie  current  mode, 

5.15.5.6  Highlighted  option  selection.  When  a  displayed  message  or  datum 
is  selected  as  an  optioi  crTnput  ?FTHe  system,  the  subject  item  shall  be 
highlighted  to  indicate  ackriowleugme''t  &y  the  system. 

5.15.5.7  User  input  rejection.  If  the  system  rejects  a  user  input, 
feedback  sha1)  te  provided  to  indicate  the  reason  for  rejection  and  the 
.'equired  corrective  action.  Feedback  should  be  self  explanatory. 
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5.15.5.8  Feedback  message  content.  Users  shall  not  be  required  to 
translate  feedback  messages  by  use  of  reference  system  or  code  sheets. 
Abbreviations  shall  not  be  used  unless  necessary. 

5.15.5.9  Time-consuming  processes.  The  system  shall  give  warning 
information  when  a  command  is  invoked  which  will  be  time  consuming  or 
expensive  to  process. 

5.15.6  Prompts. 

5.15.6.1  Use.  Prompts  and  help  instructions  shall  be  used  to  explain 
commands,  error  messages,  system  capabilities,  display  formats,  procedures, 
and  sequences  and  to  provide  data.  Prompting  should  conform  to  the  following: 

a.  When  operating  in  special  modes  the  system  should  display  the  mode 
designation  and  file(s)  being  processed. 

b.  Before  processing  any  user  requests  which  would  result  in  extensive  or 
final  changes  to  existing  data,  the  system  should  require  user  confirmation. 

c.  When  missing  data  are  detected,  the  system  shall  prompt  the  user. 

d.  When  data  entries  or  changes  will  be  nullified  by  an  abort  action,  the 
user  should  be  requested  to  confirm  the  abort. 

e.  Neither  humor  nor  admonishment  should  be  used  in  structuring  messages; 
the  dialog  should  be  strictly  factual  and  Informative  for  the  user. 

f.  Error  messages  should  appear  as  close  as  possible  to  the  user  entry 
that  caused  the  message. 

g.  If  a  user  repeats  an  entry  error,  the  second  error  message  should  be 
revised  to  include  a  noticeable  change  so  that  tho  user  may  be  certain  that 
the  computer  has  processed  the  attempted  correction, 

5.15.6.2  Standard  display.  Prompting  messages  shall  be  displayed  in  a 
St anda rd i zed  area  of  the  displ ays . 

5.15.6.3  Explicit  prompts.  Prompts  and  help  instructions  for 
systemcontrol led  dialogue  shall  be  explicit  and  the  user  shall  not  be  required 
to  memorize  lengthy  sequences  or  refer  to  secondary  written  procedural 
references. 


5.15.6.4  Prompt  clarity.  Prompts  shall  be  clear  and  understandable.  They 
shall  not  require  reference  to  coding  schemes  or  conventions  which  may  be 
unfamiliar  to  occasional  users. 

5.15.6.5  Definitions.  A  dictionary  of  abbreviations  and  codes  shall  be 
available  on- line,  liotinitions  of  allowable  options  and  ranges  of  values 
should  be  displayable  at  the  user’s  request. 
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5.15.6.6  Consistent  teminology.  On-line  documentation,  off-line 
documentation,  and  help  instructions  shall  use  consistent  terminology. 

5.15.6.7  User  confirmation.  User  acceptance  of  stored  data  or  defaults 
shall  be  possible  by  a  single  confirming  keystroke. 

5.15.7  Default. 

5.15.7.1  Workload  reduction.  Default  values  shall  be  used  to  reduce  user 
workload.  Currently  defined  default  values  should  be  displayed  automatically 
in  their  appropriate  data  fields  with  the  initiation  of  a  data  entry 
transaction  and  the  user  shall  indicate  acceptance  of  the  default. 

5.15.7.2  User  selection.  The  user  should  have  the  option  of  generating 
default  values  based  on  operational  experience  if  the  systems  designer  cannot 
predefine  appropriate  values. 

5.15.7.3  Default  substitution.  The  user  shall  be  able  to  replace  any 
default  value  during  a  given  transaction  without  changing  the  default 
definition. 


5.15.7.4  Defaults  for  sequential  entries.  Where  a  series  of  default  values 
have  been  dei^'lned  for  a  data  entry  sequence,  the  user  shall  be  allowed  to 
default  all  entries  or  to  default  until  the  next  required  entry.  The 
experienced  user  may  not  wish  to  accept  each  default  value  for  each  data  field 
individually. 

5,15.8  Error  management, /data  protection. 

5.15.8.1  Error  correction.  Where  users  are  required  to  make  entries  into  a 
system,  an  eTsy  iiieani  sliaVi  be  provided  for  correcting  erroneous  entries.  The 
system  shall  permit  correction  of  individual  errors  without  requiring  re-entry 
of  correctly  entered  comniands  or  data  elements, 

5.15.8.2  Early  detection.  A  capability  should  be  provided  to  facilitate 
detection  and  corr-ici:Toh  of  errors  after  keying  1n,  but  before  entering  into 
the  system.  While  it  i?  desirable  that  errors  be  detected  early,  error 
checking  should  occur  at  logical  data  entry  breaks,  e.g.,  at  the  end  of  data 
fields  rather  than  character-by-character,  in  order  to  avoid  disrupting  the 
user, 

5.15.8.3  Internal  software  checks.  User  errors  shall  be  minimized  by  use 
of  Internal  software  checks  of  user  entries  for  validity  of  item,  sequence  of 
entry,  completeness  of  entry,  and  range  of  value. 

5.15.8.4  Critical  entries.  The  system  shall  require  the  user  to 
acknowledge  critical  entries  prior  to  their  being  implemented  by  the  system. 

An  explicicly  labeled  CONFIRM  function  key,  different  from  the  ENTER  key, 
should  be  provided  for  user  confirmation  of  control  and  data  entries  that  have 
been  questioned  by  the  computer. 


273 


MIL-STD-1472D 


5.15.8.5  Error  message  content.  Error  messages  shall  be  constructive  and 
neutral  in  tone,  avoiding  phrases  that  suggest  a  judgment  of  the  user's 
behavior.  The  error  messages  shall  reflect  the  user's  view,  not  that  of  the 
programmer.  Error  messages  should  be  appropriate  to  the  user's  level  of 
training,  be  as  specific  as  possible  to  the  user's  particular  application,  and 
describe  a  way  to  remedy,  recover,  or  escape  from  the  error  situation. 

5.15.8.6  Error  recovery  and  process  change.  The  user  shall  be  able  to  stop 
the  control  process  at  any  point  in  a  sequence  as  a  result  of  indicated  error 
or  as  an  option.  The  user  shall  be  able  to  return  easily  to  previous  levels 
in  multi-step  processes  in  order  to  nullify  an  error  or  to  effect  a  desired 
change. 


5.15.8.7  Diagnostic  information.  Error  messages  shall  explicitly  provide 
as  much  diagnostic  information  and  remedial  direction  as  can  be  inferred 
reliably  from  the  error  condition.  Where  clear  Inference  Is  not  possible, 
probable  helpful  inference{s)  may  be  offered. 

5.15.8.8  Correction  entry  and  confirmation.  When  the  user  enters 
correction  of  an  error,  such  corrections  shall  be  implemented  by  an  explicit 
action  by  the  user  (e.g.,  actuation  of  an  ENTER  key.)  All  error  corrections 
by  the  user  shall  be  acknowledged  by  the  systems  either  by  indicating  a 
correct  entry  has  been  made  or  by  another  error  message. 

5.15.8.9  Spelling  errors.  Spelling  and  other  common  errors  shall  not 
produce  val id  system  commands  or  initiate  transactions  different  from  those 
Intended.  When  possible,  the  system  shall  recognize  common  misspellings  of 
commands  and  execute  the  commands  as  if  spelling  had  been  correct.  Computer- 
corrected  commands,  values,  and  spellings  shall  be  displayed  and  highlighted 
for  user  comfinmation. 

5.15.8.10  Errors  in  stacked  commands.  To  prompt  for  corrections  of  an 
error  in  stacked  commands,  the  system  shall  display  the  stacked  sequence  with 
the  error  highlighted.  Where  possible,  a  procedure  shall  be  provided  to 
correct  the  error  and  salvage  the  stack. 

5.15.8.11  Display  of  erroneous  entries.  A  computer-detected  error,  as  well 
as  the  error  message^  shall  be "cbrit rnuou si y  displayed  until  the  error  is 
corrected. 


5.15.8,12  Help.  In  addition  to  explicit  error  management  aids,  (labels, 
prompts,  advisory  messages)  and  implicit  aids  (cueing),  users  should  be  able 
to  obtain  further  on-line  guidance  by  requesting  HELP.  Following  the  output 
of  a  simple  error  message,  users  should  be  permitted  to  request  a  more 
detailed  discussion  at  levels  of  increasing  detail. 

5.15.8.12.1  Standard  action  to  request  HELP.  A  simple,  standard  action 
that  is  always  ava'll able  should  be  provided  to  request  HELP. 

5.15.8.12.2  Multilevel  HELP.  When  an  initial  HELP  display  provides  only 
summary  i nf ormatTon ,  more  detail ed  explanations  should  be  provided  in  response 
to  repeated  user  requests  for  HELP. 
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5.15,8.12*3  Browsing  Help.  Users  should  be  permitted  to  browse  through 
on-line  HELP  displays,  just  as  they  would  through  a  printed  manual,  to  gain 
familiarity  with  system  functions  and  operating  procedures. 

5.15.8.13  Data  security.  Data  shall  be  protected  from  unauthorized  use, 
potential  loss  from  equipment  failure,  and  user  errors. 

5.15.8.13.1  Automated  security  measures.  Automated  measures  shall  be 
provided  to  minimize  data  loss'  from  intruders  in  a  system  or  from  errors  by 
legitimate  users. 

5.15.8.13.2  Warning  of  threats  to  security.  Computer  logic  shall  be 
provided  that  will  generate  messages  and/or  alarm  signals  in  order  to  warn 
users  of  attempted  intrusion  by  unauthorized  users. 

5.15.8.13.3  Segregating  real  from  simulated  data.  When  simulated  data  and 
system  functions  are  provided  (perhaps  i^or  user  training),  real  data  shall  be 
protected  and  real  system  use  shall  be  clearly  distinguished  from  all 
simulated  operations. 

5.15.8.13.4  Display  of  simulated  data.  In  applications  where  either  real 
or  simulated  data  can  be  displayed,  a  clear  indication  of  simulated  data  shall 
be  included  as  part  of  the  classification  label. 

5.15.8.13.5  DispUyed  security  classification.  When  displayed  data  are 
classified  for  security  purposes,  a  prominent  indication  of  security 
classification  level  shall  be  labeled  in  each  display. 

5.15.8.13.6  User  identification.  User  identification  procedures  shall  be 
as  simple  as  possibie,  consistent  with  adequate  data  protection.  For 
protection  of  the  password,  the  password  shall  not  be  echoed  on  the  display. 
See  5.15.1.2.  Audio  feedback,  rather  than  visual,  shall  be  provided  when 
inputing  secure  passwords  during  log-on, 

5.15.8.13.7  Choice  of  passwords.  When  passwords  are  required,  users  shall 
be  allowed  to  choose  'their  own  passwords  since  a  password  chosen  by  a  user 
will  generally  be  easier  for  that  individual  to  remember.  Guidelines  for 
password  selection  shall  be  given  so  that  users  will  not  choose  easily 

gues sable  ones. 


5.15,8.13.8  Changing  passwords.  Users  should  be  allowed  to  change 
passwords  whenever  they  choose;  all  passwords  should  be  changed  at  periodic 
intervals. 


5.15.9  System  response  time.  Maximum  system  response  times  for  real-time 
systems  (e.g.,'  ■fire  control  systems ,  command  and  control  systems)  shall  not 
exceed  the  values  of  Table  XXIX.  Non-real -time  systems  may  permit  relaxed 
response  times.  If  computer  response  time  will  exceed  15  seconds,  the  user 
should  be  given  a  message  indicating  that  the  system  is  responding. 


5.15.10  Other  requirements. 
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Table  XXIX.  System  Response  Times 


System 

Maximum 

Acceptable 

Response 

Interpretation 

Response  Time  Definition 

Time  (Secs) 

Key  Response 

Key  depression  until  positive 
response;  for  example,  "click" 

t).l 

Key  Print 

Key  depression  until  appearance  of 
character 

CNf 

• 

o 

Page  Turn 

End  of  request  until  first  few 
lines  are  visible 

1.0 

Page  Scan 

End  of  request  until  text  begins 
to  scroll 

0.5 

XV  Entry 

From  selection  of  field  until  visual 
verification 

0.2 

Function 

From  selection  of  comnand  until 
response 

2.0 

Pointing 

From  Input  of  point  to  display  point 

0.2 

Sketching 

From  input  of  point  to  display  of  line  0,2 

Local  Update 

Change  to  image  using  local  data  base; 
for  example,  new  menu  list  from 
display  buffer 

;  0,5 

Host  Update 

Change  where  data  is  at  host  in 
readily  accessible  form;  for  example, 
a  scale  change  of  existing  image 

2.0 

File  Update 

Image  update  requires  an  access  to  a 
host  file 

10.0 

Inquiry  (Simple) 

From  command  until  display  of  a 
commonly  used  message 

2.0 

Inquiry  (Complex) 

Response  message  requires  seldom  used 
calculations  in  graphic  form 

10.0 

Error  Feedback 

From  entry  of  Input  until  error 
message  appears 

2.0 
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5.15.10.1  Overl ays.  Mechanical  overlays,  such  as  coverings  over  the 
keyboard  or  transparent  sheets  placed  on  the  display,  shall  be  avoided. 

5.15.10.2  Hard  copy.  The  user  shall  have  the  capability  to  obtain  a  paper 
copy  of  the  exact  contents  of  the  alphanumeric  or  digital  graphic  display  in 
those  systems  where: 

a)  Mass  storage  is  restricted. 

b)  Mass  stored  data  can  be  lost  by  power  Interruption,  or 

c)  Record  keeping  is  required. 

5.15.10.2.1  Display  print.  The  user  shall  be  able  to  print  a  display  by 
simple  request^  (e.g"^,  ptl'll^t- SCREEN)  without  having  to  take  a  series  of  other 
actions  first,  such  as  calling  for  the  display  to  be  filed,  specifying  a 
filename,  then  calling  for  a  print  of  that  named  file, 

5.15.10.2.2  Print  page.  The  user  shall  have  the  capability  to  request 
printing  of  a  single  page,  or  sequence  of  pages,  by  specifying  the  page 
numbers. 

5.15.11  Data  and  message  transmission.  See  5.15.8.13.1  and  5.15,8.13.2, 

5.15.11.1  Functional  integration.  Data  transmission  functions  shall  be 
integrated  wi th’ot tier  information  handl i ng  functions  within  a  system,  A  user 
should  be  able  to  transmit  data  using  the  same  computer  system  and  procedures 
used  for  general  entry,  display  and  other  processing  of  data. 

5.16.11.2  Consistent  procedures.  Procedures  for  preparing,  sending  and 
receiving  data  and  messages  shall  be  consistent  from  one  transaction  to 
another,  and  consistent  with  procedures  for  other  information  handling  tasks, 

5.15.11.3  Minimal  m^ory  load  on  users.  The  data  transmission  procedures 
should  mi nimi ze  ‘memory  "load  ‘bn'  tKe  users  by  providing  computer  aids  for 
automatic  Insertion  of  standard  Information,  such  as  headers  and  distribution 
lists. 

5.15.11.4  Interrupt.  Users  should  be  allowed  to  interrupt  message 
preparation,  review”,  or  disposition  and  then  resume  any  of  those  tasks  from 
the  point  of  interruption. 

5.15.11.5  Stored  message  forms.  Where  message  formats  conform  to  a  defined 
standard  or  are  predictable  in  other  ways,  prestored  forms  shall  be  provided 
to  aid  users  in  message  preparation. 

5.15.11.6  Incorporate  existing  files.  Users  should  be  allowed  to 
incorporate  an  existing  data  file  in  a  message,  or  to  combine  several  files 
into  a  single  message  for  transmission  and  to  combine  stored  data  with  new 
data  when  preparing  messages  for  transmission.  It  should  not  be  necessary  to 
re-enter  any  data  already  entered  for  other  purposes. 


277 


MIL-ST0-1472D 


5.15.11.7  Addresses. 

5.15.11.7.1  Prompting  address  entry.  When  users  must  specify  the  address 
for  messages*  prompt'lng  should  be  provided  to  guide  the  user  1n  the  process. 

5.15.11.7.2  Address  directory.  Users  should  be  provided  with  an  on-line 
directory  showi ng  a1 1  acceptab 1 e  forms  of  message  addressing  for  each 
destination  in  the  system,  and  for  links  to  external  systems, 

5.15.11.7.3  Aids  for  directory  search.  Computer  aids  should  be  provided  so 
that  a  user  can  search  an  addresV directory  by  specifying  a  complete  or 
partial  name.  It  should  also  be  possible  to  extract  selected  addresses  from  a 
directory  for  direct  insertion  into  a  header  in  order  to  specify  the 
destination(s)  for  a  message. 
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6.  NOTES 

(This  section  contains  infonnation  of  a  general  or  explanatory  nature  that 
may  be  helpful,  but  is  not  mandatory.) 

6.1  Intended  use.  This  standard  is  intended  for  use  as  design  criteria  for 
military  systems,  equipment,  and  facilities,  cited  contractually  in  system 
specifications  and  elsewhere,  and  for  use  as  a  basis  for  structuring  that  part 
of  human  factors  testing  where  design  characteristics  are  assessed  for 
purposes  of  acceptance.  It  is  not  intended  for  use  to  express  binding 
requirements  in  conceptual  and  other  early  acquisition  phases.  The  standard 
may  be  applied  to  traditional,  as  well  as  non-devel opnental  item  (NDI) 
acquisitions. 

6.2  Issue  of  DODISS.  When  this  standard  is  used  1n  acquisition,  the 
applicable  issue  of  the  DODISS  must  be  cited  in  the  solicitation  (see  2.1.1 
and  2.2). 

6.3  Subject  term  (key  word)  listing. 

Aerospace  Vehicles 

Anthropometry 

Controls 

Control /display  integration 

Design 

Displays 

Envi ronment 

Ergonomics 

Hazards 

Human  engineering 
Human  factors 
Labeling 
Maintainer 
Safety 

Remote  handling 
user-computer  interface 
Vehicles 
Workspace 

6.4  Changes  fr«T>  prpious  issue.  Harginal  notations  are  not  used  in  this 
revIsiofT to  identify  changes  with  respect  to  the  previous  issue  due  to  the 
extensiveness  of  the  changes. 
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APPENDIX 

GUIDANCE  DOCUMENTS 


10  SCOPE 

The  documents  listed  in  this  appendix  provide  supplementary  information, 
criteria,  and  guidance  that  may  be  used,  as  applicable,  to  assist  the  designer 
in  complying  with  the  requirements  of  this  standard.  Their  application  is  not 
to  be  regarded  as  mandatory,  unless  so  specified  by  the  procuring  activity. 

20  TRI-SERVICE  PUBLICATIONS 


DOD-HOBK-763 

Human  Engineering  Procedures  Guide 

MIL-H-46855 

Human  Engineering  Requirements  for  Military  Systems, 
Equipment  and  Facilities 

MIL-HDBK-141 

Optical  Design 

TB  MED  81 

NAVMED  P-5052-29 

AFP  161-11 

Cold  Injury 

TB  MED  507 

NAVMED  P-5052-5 

AFP  161-1 

Prevention,  Treatment  and  Control  of  Heat  Injury 

CSC-STD-002-85 

Department  of  Defense  Password  Management  Guide 
(Fort  George  6.  Meade,  MD:  Department  of  Defense 
Security  Center.) 

30  ARMY  PUBLICATIONS 

30.1  Regulations 

AR  40-10 

Health  Hazard  Assessment  Program  in  Support  of  the 
Army  Materiel  Acquisition  Decision  Process 

AR  40-14 

Control  and  Recording  Procedures,  Occupational 
Exposure  to  Ionizing  Radiation 

AR  385-16 

Safety  for  Systems,  Associated  Subsystems  and 
Equipment 

AR  700-52 

Licensing  and  Control  of  Sources  of  Ionizing 
Radiation 
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30.2  Pamphlets  &  Bulletins 


AMCP  706-134 
TB  flED  62 

TB  MED  501 
TB  MED  270 
TB  MED  279 
TB  MED  288 


Maintainability  Guide  for  Design  {AD  823  539) 

Diagnostic  X-Ray,  Therapeutic  X-Ray,  and  Gamma  Beam 
Protection  for  Energies  up  to  10  Million  Electron 
Volts 

Hearing  Conservation 

Control  of  Hazards  to  Health  from  Microwave  Radiation 

Control  of  Hazards  to  Health  from  Laser  Radiation 

Medical  Problems  of  Man  at  High  Terrestrial 
Elevations 


30,3  Design  Criteria  Handbook 

MIL-HDBK-759  Human  Factors  Engineering  Design  for  Army 

Materiel 

DOO-HDBK-761  Human  Engineering  Guide  for  Management 

Information  Systems 


30.4  Reports 


Aviation  Sys  Command 
AVSCOM  Rept  75-47 

Study  to  Determine  the  Impact  of  Aircrew 
Anthropometry  on  Airframe  Configuration 

Natick  Laboratories 

TR  EPT-2 

Reference  Anthropometry  of  the  Arctic 

Equipped  Soldier  (AD  449  4831) 

Natick  Laboratories 

TR  73-51-CE 

The  Carrying  of  Loads  within  an  Infantry 

Company  (AD  762  559) 

USAAMRDL 

TR  71-22 

Crash  Survival  Design  Guide  (Revised  1971) 

USAHEL  TM  4-77 

A  Human  Factors  Evaluation  of  a  Vertical  Scale 
Instrument  Display  System  for  the  OV-10  Aircraft 
(AD  A03  6050) 

40  fiAVY  PUBLICATIONS 

40.1  Manual 

NAVAIR  00-807-99 

U.S,  Naval  Aerospace  Physiologist's  Manual,  1972 

282 


MIL-STD-1472D 


40.2 

Reports 

NATC  Rept  TM  77-1  SY 

Analysis  of  Flight  Clothing  Effects  on 

Aircrew  Station  Geometry  (AD  A046260) 

NAMRL  Report  1164 

Empirical  Reduction  in  Potential  User  Population 
as  the  Result  of  Imposed  Multivariate 
Anthropometric  Limits  (AD  752  032) 

NAVMISCEN  Report 
TP-74-6 

Reduction  in  Potential  User  Population  as 
the  Result  of  Imposed  Anthropometric  Limits: 
Monte  Carlo  Estimation  (AD  919  319L) 

NAVSHIPS  94323 

Human  Engineering  Guidelines  for  Maintainability 

NEL  Report  688 

Listening  to  Differentially  Filtered  Competing 
Voice  Messages 

NRL  Report  155 

Premodulation  Speech  Clipping  and  Filtering: 
Their  Effects  on  the  Intelligibility  of  Speech 

PACMISTESTCEN 

Report  TM-75-46 

The  Accommodated  Proportion  of  a  Potential  User 
Population;  Compilation  and  Comparisons  of 
Methods  for  Estimation 

PACMISTESTCEN 

Report  TP-75-49 

Computerized  Accommodated  Percentage  (CAPE) 

Model  for  Cockpit  Analysis  and  other  Exclusion 
Studies  (AO  B008  948L) 

PACMISTESTCEN 

Report  TP-76-1 

Improved  Seat,  Console  and  Workplace  Design 
(AD  A040  479) 

PACMISTESTCEN 

Report  TP-76-36 

Recommended  Human  Exposure  Limits  for  Very-Low- 
Frequency  Vibration 

PACMISTESTCEN 

Report  TP-76-46 

Computerized  Accommodated  Percentage  Evaluation: 
Review  and  Prospectus  (AO  A035  2d5) 

40.2 

Notes 

NAVMEDNOTE  6260 

Hazardous  Noise  Areas,  Equipment,  Machine  and 
Tools;  Identification  of 

50 

AIR  FORCE  PUBLICATIONS 

50.1 

Manual s 

AFM  127-201 

Missile  Safety  Handbook 

AFP  160-6-7 

Maximum  Permissible  Body  Burdens  and  Maximum 

Pennisslble  Concentrations  of  Radio- Nuclides  In 
Air  and  Water  for  Occupational  Exposure 


4«VJ^ 
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50.2  Reports 


AFSWC  TR  59-11 

Human  Factors  Handbook  for  Design  of  Transporting, 
Positioning,  and  Lifting  Ground  Support  Equipment 
(AD  227  311) 

AFSWC  TR  59-12 

Human  Factors  Handbook  for  Design  of  Testing  and 
Monitoring  Ground  Support  Equipment  (AD  227  312) 

AFSWC  TR  59-13 

Human  Factors  Handbook  for  Design  of  Protective 
and  Storage  Ground  Support  Equipment  (AD  227  313) 

AMRL  TOR  64-59 

Reach  Capability  of  the  USAF  Population  (AD  608  269) 

AriRL  TR  65-73 

Anthropometry  of  Common  Working  Positions 
(AD  632  241) 

AfIRL  TR  66-27 

Aperture  Sizes  and  Depths  of  Reach  for  One  and 
Two-Handed  Tasks  (AD  646  716) 

AMRL  TR  68-24 

Clearance  and  Performance  Values  for  the  Bare-Handed 
and  the  Pressure-Gloved  (AD  681  457) 

AMRL  TR  69-6 

Anthropometric  Dimensions  of  Air  Force  Pressure- 
Suited  Personnel  for  Workspace  and  Design  Criteria 
(AO  697  022) 

AMRL  TR  70-114 

Horizontal  Static  Forces  Exerted  by  Men  Standing  in 
Common  Working  Positions  on  Surfaces  of  Various 
Tractions  (AO  720  252) 

ASD  TR  61-381 

Guide  to  the  Design  of  Mechanical  Equipment  for 
Maintainability  (AO  271  477) 

ASD  TR  61-424 

Guide  to  Integrated  System  Design  for 

Maintainability  (AO  271  477) 

ESO  TR  62-4 

A  Test  of  the  20  Band  and  Octave  Band  Methods  of 
Computing  the  Articulation  Index  (AO  271  606) 

ESD  TR  63-403 

Psychoacoustic  Speech  Test:  A  Modified  Rhyme  Test 

ESD  TR  86-278 

Guidelines  for  Designing  User  Interface  Software 
(AO-A  177  198) 

FDL  TOR  64-86 

Investigation  of  Aerospace  Vehicle  Crew  Station 
Criteria  (AD  452  187) 

RADC  TDR-63-315 

Criteria  for  Group  Display  Chains  for  The  1962-1965 
Time  Period  (AD  283  390) 
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WADC  TR  52-204 
WAOC  TR  54-520 
WADC  TR  55-159 
WADC  TR  56-218 

WADC  TN  57-248 

WADD  TR  58-474 

WAOD  TR  50-814 


Handbook  of  Acoustic  Noise  Control  (AD  18  260) 

The  Anthropometry  of  Work  Positions  (AD  110  573) 

Space  Requirements  of  the  Seated  Operator  (AD  87  892) 

Guide  to  the  Design  of  Electronic  Equipment  for 
Maintainability  (AD  101  729) 

Acoustical  Criteria  for  Work  Spaces,  Living  Quarters, 
and  Other  Areas  on  Air  Bases  (AD  130  839) 

The  Effect  of  Team  Size  and  Intermember  Communication 
on  decision-Making  Performance  (AD  215  621) 

Audio  Warning  Signals  for  Air  Force  Weapon  Systems 
(AD  258  477) 


50.3  Air  Force  Systems  Command  Design  Handbooks 


Copies  of  Air  Force  Systems  Command  design  criteria  handbooks  may  be 
obtained  by  nongovernmental  organizations  when  compliance  therewith  is 
required  by  a  Government  contract,  or  when  possession  of  the  handbook  will 
otherwise  benefit  the  Government.  Requests  for  the  following  handbooks  should 
be  directed  to  4950/TZHM,  Wright-Patterson  AFB,  OH  45433; 

AFSC  OH  1-1  General  Index  and  Reference 


AFSC  DH  1-3 
AFSC  OH  1-6 
AFSC  OH  2-1 
AFSC  OH  2-2 
AFSC  DH  2-3 
AFSC  OH  2-6 


Human  Factors  Engineering 
System  Safety 
Airframe 

Crew  Stations  and  Passenger  Accommodations 

Propulsion  and  Power 

Ground  Equipment  and  Facilities 


60  NATIONAL  AERONAUTICS  AND  SPACE  ADMINISTRATION  PUBLICATIONS 


60.1  Standards 


(Copies  of  the  following  documents  can  be  obtained  by  qualified 
requesters  from  MSIS  Custodian/SP34,  NASA-Johnson  Space  Center,  Houston,  TX 
77058) 
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NASA-STD-3000,  Volume  I  Man-Systems  Integration  Standards 

NASA-STD-3000,  Volume  II  Man-Systems  Integration  Standards-Appendices 
60,2  Book 

Copies  of  the  following  documents  can  be  obtained  from  the  Superintendent 
of  Documents,  U.S.  Government  Printing  Office,  Washington,  DC  20402 

Bioastronautics  Data  Bcok,  Second  Edition,  J.F.  Parker  and  V.  R.  West, 
eds,,  NASA  SP-3006. 


70  VOLUNTARY  STANDARDS  AND  GUIDES 


70,1  American  National  Standards  Institute  (ANSI) 

Copies  of  the  following  standards  can  be  obtained  at  a  nominal  cost  from 
the  ANSI,  1440  Broadway,  New  York,  New  York  10018. 


A9.1 

Building  Exits  Code  {NFPA  101) 

All.l 

Practice  for  Industrial  Lighting 

A12 

Safety  Code  for  Floor  and  Wall  Openings,  Railings  and 
Toe  Boards 

A14.3 

Safety  Code  for  Fixed  Ladders 

Cl 

National  Electrical  Code  (NFPA  70) 

C2 

National  Electrical  Safety  Code  (N8S  H30) 

SI. 11-1966 

Octave,  Half-Octave  and  Third-Octave  Band  Filter  Sets 

Z35.1 

Specifications  for  Industrial  Accident  Prevention 
Signs 

2136.1 

The  Safe  Use  of  Lasers 

70,2  American  Society  of  Heatin 


ety  of  Heating,  Refrigerating  and  A1r-Cond1t1onii>g 
/  copies  of  the  following'  documeh  can  "be  'obtaimw 


Enqyneers  (ASHRAE),  Copies  or  the  following  _ 

nominal  cok  from  the  ASHRAE,  1791  Tullle  Avenue,  NE,  Atlanta,  GA 


at  a 
30329. 


Standard  55-81  Thermal  Environmental  Conditions  for  Human  Occupancy 

Standard  62-81  Ventilation  for  Acceptable  Indoor  Air  Quality  Guide 

and  Data  Book  {latest  edition) 
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70.3  National  Fire  Protection  Association  (NFPA).  Copies  of  the  following 
document  may  be  obtained  from  the  NFPA,  60  Batterymarch  Street,  Boston,  flA 
02110 


NFPA  101  Code  for  Safety  to  Life  from  Fire  in  Buildings  and 

(1985)  Structures 

80  BOOKS 

The  documents  listed  below  are  normally  available  in  general  and 
technical  libraries: 

a.  A  Collation  of  Anthropometry.  0.  W,  Garett  and  K.  W.  Kennedy. 
Aerospace  Medical  Research  Laboratory,  Wright-Patterson  Air  Force  Base,  Ohio. 
1971.  (2  Volumes)  (AD  723  629;  Library  ofCongress  Catalog  Card 

No.  74-607818) 

b.  Directions  in  Human/Computer  Interaction.  A.  Bad re  and 
B.  Schneiderman,  tds,  Ab Vex  Publishing,  No rwootT,  "NJ,  1982 

c.  Fundamentals  of  Interactive  Computer  Graphics.  0.  0,  Foley  and 
A.  Van  Dam,  Addison-WesVey,  Wading,  MA,  1982 

d.  General  Safety  Requirements  -  U,S.  Army  Engineer  Manual  386-1-1. 

e.  Guide  to  Human  Engineering  Design  for  Visual  Displays.  D,  Meister 

and  D,  vi."’SunTv’an‘r  The  BunWr-Ramo  ’Corp. ,  ContraH'"W.  w60  ,  Work 

Unit  No.  NR196-080  (AD  693  237),  Office  of  Naval  Research,  30  August  1969. 

f .  Human  Engineering  Guide  to  Equipment  Design  -  H.  P,  Van  Cott,  and 

R.  G,  KlnkaBe,  'e^s,  ^Jffey  0^15  Third 10158,  1972  {Library  of 
Congress  Catalog  Card  No.  72600054). 

g.  Industrial  Ventilation.  Manual  of  Recommended  Practige  -  Latest 
Edition,  American  Conference  of  Governmental  IndustrTaT' HygTenTsts,  Committee 
on  Industrial  Ventilation,  P.O.  Box  453,  Lansing,  Michigan. 

h.  Lighting  Handbook.  Illuminating  Engineering  Society  (lES),  latest 
edition. 

i .  Software  Psychology:  Human  Factors  in  Computer  anti  Information 
Systems.  8.  Sclfineldeman,  Winthrop  Publishers,  Cambridge,  HA,  1980. 

j.  Symbol  Source  Book,  H.  Dreyfuss,  1972,  McGraw-Hill  Book  Company: 
Library  of  Congress  Card  No.  71-172261. 

k.  The  Human  Body  in  Equipment  Design,  A.  Damon,  H*  W.  Stoudt,  and 

R.  A.  McFarland ,  iia ry a ra  University  l^ress,  Cambridge,  Hass,  1966.  (Library  of 
Congress  Catalog  Card  No.  65-22067). 
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1.  Engineering  Anthropometry  Methods.  J.  A.  Roebuck,  K.  H,  E.  Kroemer  and 
W.  G.  Thomson,  John  'Wiley  and  Sons,  New  York,  NY  1975  (Library  of  Congress) 
Catalog  No.  74-34272.) 

Copies  of  specification,  standards,  and  other  publications  required  by 
contractors  in  connection  with  specific  procurement  functions  should  be 
obtained  from  the  procuring  agency  or  as  directed  by  the  contracting  officer. 

Technical  society  and  technical  association  specifications  and  standards 
are  generally  available  for  reference  from  libraries.  They  are  also 
distributed  among  technical  groups  and  using  Federal  Agencies. 


286 


MIL-STD-14720 

INDEX 

PArftjrApb  Pftge 

k 

Abort,  definition - - - -  3.1  g 

Abbreviations 

consand  names  - - - - - - -  5.15.4.5.5  269 

display  content  -  5.15.3.2.3  255 

labels  .  5. 5. 3. 2  122 

metric,  definition - - - - — - - 3.45  13 

user-compvter  interface - - — - — — — — 5.15.2.1.9  249 

Abbreviations  and  acronyms - —————— -  6,15.3.2.3  255 

Abbreviations,  mnemonics  and  codes  - - - — —  5.15.2.1.9  249 

Access 

arm- .  5. 9. 9. 5.1  107 

automotive  subsystems - - - 5.12.9.1.3  230 

body . - . — . 5. 7. 0.3  163 

cable  — - - - - - - -  5.9.13.5  206 

component,  vehicle  — - - - - — —  5.12.9,1.3  230 

construction  equipment  — — - - - — — — - — —  5.12.8.7  230 

control/display  integration  - — - - -  5. 1.2. 1.1.2  22 

cover  attachment  - - — - — — — » — —  5, 9. 9. 7  190 

covers,  design  — - - - - — 5.6.9  107 

dimensions,  reach - — — - - - - — ,  5. 9, 9. 5. 1.2  187 

dimensions,  remove  and  replace  — - — 5. 9. 9. 5. 1.4  190 

dimensions,  tool  5. 9. 9. 5. 1.3  107 

displays  - . . . .  5, 2. 1.4, 2  29 

fasUnsrs  5.9. 10.6  192 

foot  controls  5,14.2.4,5  24.1 

guarding  batardous  conditions  - — 5. 9. 9. 5. 1.5  190 

hand  . - . —  5. 9. 9. 5.1  107 

hatardous  — <•— — 6.13.6,3  235 

labeling . — * . * . 5. 9. 9. 3  187 

labels  .  5. 5. 4. 4  122 

lerge  items  —  --  —  5. 9. 4. 2  105 

ataintainabiUty - - - - — - - - — ---  5.9.4  106 

optnlng  covsrs  - - - - — - - — - — 5.9. 9. 1.1  107 

opsnings  and  covers - - - — —  5,9.9  107 

physical  --------------------------- — ^ .  5. 9, 0.5  187 

rear . - . 5. 0.4. 4  105 

safety . . . - .  5.13.5.2  236 

simultaneous,  control /display  integration  - - 5. 1.1. 6  21 

type  of  opening - - - - - —  5. 9. 0.5. 1.6  190 

visibility,  lifting  vehicle  - - -  —  - -  5,12,8.6  230 

visual  . - - - - - - - - 5. 9. 9. 6  190 

visual  displays  — - - - - 5. 2. 1.2.4  29 

Access  openings  and  covers  - - - - - — - - -  5.9.9  107 

access  cover  atachment  - -  —  - 5. 9. 9. 7  190 

application  . - . —  . . . 5.0.9. 1  187 

arm  and  hand  access - - - - - -  — 5. 0,9. 5.1  107 

guarding  haxardous  conditions  -  6. 9. 9. 5. 1.5  190 

labeling . . . - . 5. 0.9. 3  107 

opening  covers - - - - - 5. 0.0. 5. 1.1  107 


209 


IHDEX 


Paragraph 


physical  access  - 

reach  access  difflensions  - 

reaove  and  replace  dinensions  — * — 

rounding  - 

self-supporting  covers - - - 

tool  access  dimensions  - - 

type  of  opening - - - -- 

visual  access  - 

Accessible,  definition  — - - — - - 

Accessibility,  design  for  aaintainer  — • 

high  failure  rate  items  - 

large  itestf  - ------ 

rear  access  — - - - - 

relative  accessibility  - 

skills  . 

structural  members  - - - 

use  of  tools  and  teat  equipment  - 

Accessibility,  fasteners - -- 

Accessibility  of  handsets  — - - 

Accessories,  optical  instruments  - 

filters  - - ---- 

general - - - - - - 

positioning  aids  - --------- 

shutters  - - - - 

use  ------------ . 

Accidential  activation,  prevention  of 

controls  — - - - - - - 

ganged  control  knobe  - - --------- 

rocker  switch  - - - 

slide  switch  - - - - - 

toggle  switch - - - - — - 

Accidental  actuation 

interactive  control  -— •*  — 

rocker  switch  -------------------- 

slide  switch  controls  --- — ------ — - 

toggle  switch  control - - - - 

Accomodation,  visual  (optical  equipment) 
Acoustic  environment,  compatibility 
Acoustical  environment .  audio  signals  -- 
Acoustical  noise.  cnvironsMnt  --------- 

attenuation  by  materials  and  layout  > 

extreme  quite  areas  - - — 

facility  design  - * - —  * 

general  - - -  — - - 

general  provision  - - - 

general  workspace - - —  ‘•-- 

hasardous  noise - - - - — --- 

large  workepaces  - - - 

non  ■‘hazardous  noise - * - 

operational  areas - - - 

reduction  of  reverberation  time  — 


Page 


5. 9. 9. 5 

187 

5. 9. 9. 5. 1.2 

107 

5. 9. 9. 5. 1.4 

190 

5. 9. 9. 4 

107 

5. 9. 9. 2 

187 

5. 9. 9. 5. 1.3 

107 

5. 9. 9. 5. 1.6 

190 

5. 9. 9. 6 

190 

3.2 

9 

5.0.4 

185 

5. 0.4. 6 

185 

5. 9. 4. 2 

185 

5. 9. 4. 4 

185 

5. 0.4. 5 

185 

5. 8. 4. 7 

185 

5.0.4. 1 

185 

5. 0.4. 3 

185 

5.0.10.6 

192 

5. 3. 0.3 

64 

5.11,3.15 

210 

5.11.3.15.1 

219 

5.11.3.15.1.1 

219 

5.11.3.16.3 

221 

5.11.3.15.2 

221 

5. U. 3. 15. 1.2 

210 

5.4.1.  a 

5. 4. 2. 2. 2. e 

5. 4. 3.1.  a. 2 

5.4.3. 1.7.2 

5.4.3. 1.4.2 


84 

07 


99 

04 


5.15.4.1.3 

265 

5.4. 3. 1.6.2 

97 

5.4.3. 1.7.2 

99 

5. 4. 3. 1.4. 2 

04 

5.11.3.2 

216 

5.3.44.2 

60 

5. 3. 3. 2.1 

57 

5.6.3 

175 

5. 0.3. 4. 2 

177 

5.8.3. 3, 5 

175 

5. a. 3. 4 

177 

5.0.3. 1 

175 

5. 0.3. 4. 1 

177 

5. 0.3, 3.1 

175 

5. 8. 3. 2 

175 

5. 8. 3. 3. 3 

175 

5. 8. 3. 3 

175 

5. 0.3. 3, 2 

175 

5. 6. 3. 4. 3 

177^ 

MIL-STD-14720 


IHDEX 

Paragrapb  Page 

shipboard  areas  - - - - - - — - 5. 8. 3. 3. 6  175 

small  office  spaces/special  areas - - - 5. 8. 3. 3. 4  175 

Action,  immediate  controls  (codin|}  - - — - - 5.4, 1.4. 5. 2  72 

Action,  snap  (flags)  -  cn 

Action  segment,  audio  signal - - - 

Active  option  presentation,  user-computer  interface  -  5.i5.4.2.3  266 

Activation,  accidental 

rocker  switch - - - - - 5. 4. 3. 1.6. 2  97 

slide  switch  - - - — — — - — 5.4.3. 1.7.2  99 

toggle  switch - - - — — - — — — 5,4.3. 1.4.2  94 

Actuation 

fixed  function  keys - - - * - *  5.15.2.3.7  251 

latch-handle  (escape  exits) - - - -  5.14.4.2.4  244 

lightpen  - -  5.15.2.5.3  252 

directional  controllers - - - -  5.15.2.6.2  2S2 

Adaptation,  dark  (labels)  - -  —  * — 5. 5. 5. 2  123 

Adapters,  connectors  - - - - — - - 5.8.14.12  207 

Address  directory - - - — — -  5.15.11.7.2  276 

Addresses  - - - - - — - - - - - - -  5.15.11.7  278 

aids  for  directory  search  — - - -  5,15.11.7.3  278 

address  directory  — - - 5.15.11.7.2  278 

prosqiting  address  entry - - - - — — ---  5.15.11.7.1  278 

Adjacent  surfaces.  CRT  displays - - - --  5, 2. 4. 8  45 

Adjustable  dimensions,  anthropometric  - - 5.e.3.4  143 

Adjustlbility,  item . . .  183 

AdjustSMnt 

blind  screwdriver  - - * — s. 0.3.2  184 

boresight  knobs  5,11.3.18.7.3  322 

calibration  - - -  5,9.3. 4  184 

component,  vehicle  5,12.9.1.3  230 

control  limits  ---- — - — — — — - -  5, 9. 3. 4  184 

controls,  design  for  maintainer  - - - - — 5.9.3  184 

controls,  hasardous  locations - - — - - - — 6. 8, 3. 6  175 

controls,  maintenance  and  - - 6.4. 1.3.6  66 

critical  and  sensitive  controls  — —  - - $.9,3.5  184 

eyepiece - - - - - - — - - —  5.11.3.8  217 

(ore  end  aft.  aerospace  seats  - - 5.14.2.4.3  241 

hasardoua  locations  - - - - -  5, 0.3. 6  186 

horitontal.  aerospace  teats  - — -  5.14.2.4.2  241 

horizontal,  vehicle  seats - - - - - - — “  5.12.2,3  223 

knob . - . S. P-3.1  184 

reference  scale  - - - - 5. 8. 3. 3  184 

swivel,  aerospace  seats  — — -■* — - - -  5.14.2.4.3  241 

test  points  ---------  —  - - - - - - - — 5.8.15.1  207 

vertical,  aerospace  seats  - -  —  - -  5.14.2.4.2  241 

vertical,  seats  - - - - - 5. 7, 3. 4. 2  146 

vertical,  vehicle  seats  ----- — - - - -  5.12.2.2  223 

Advisory  and  alerting,  visual  displays  ■ — - - - - —  5.2.1.3.11  28 

Advisory  signal,  definition  - - - - 3.3  9 

Aerospace  vehicle  compartments - * - - — - - -  5.14  238 

gensral  . . . . . 5.14.1  239 


281 


MIL-STD-1472D 

INDEX 


Aids 

backpacking  - 

evacuation,  emergency - -- 

directory  search  - 

job,  plotters  - 

lifting,  oan-transportability  - 

lifting,  portability  - - - 

positioning,  optical  equipment  - 

positioning,  optical  instruments  - 

turning,  handwheel  - - — 

Air  conditioning,  environment  - - — 

Aircrew  stations 

aeronautical  — - - 

audio  signals - - - 

visual  display  signals - - - - 

Air  Force  surface  colors  — - - — - - - - 

Alarm  settings,  user-computer  interface  - - 

Alarms,  false  (audio)  - 

Alarms,  interlocks  - - - - - — ---- 

Alerting  capability,  audio  signals  - - — - — - — 

attention  — - - - - - 

dichotic  presentation  - — 

headset  — - — - - - - 

onset  and  sound  pressure  level  - 

Alerting  device,  hazard - - — ---- 

Alerting /warning,  visual  displays  - 

Alighting  impact,  escape  capsule  - - - - 

Alignment 

case  and  cover  mounting  - - - - - 

connectors  - — — - - - - - 

mounting  - 

pins  and  keyways,  connectors  - 

pointer,  circular  scales  --- — - - -- 

pointer,  curved,  horizontal  &  vertical  scales 

pointer,  moving  scale  — - — — - - 

projected  data - ---- 

remote  handling  equipment  — - - 

Allocation  of  functions  — - - 

Alphanumeric  character  and  symbol  sizes 

electroluminescent  displays - - - 

dot  matpix/segmented  displays  — - - 

Alphanumeric  grouping  - 

Alphanumeric  keyboard - — 

Ambient  illuminance,  CRT  - ■■ 

Ambient  lighting,  controls  coding  - - 

Ambient  noise  level,  llstner  to  speaker  distance 
Ambiguity,  lack  of  (control/display  integration) 
Angle 

back-rest,  vehicle  seats  - - — - — 

panel,  console  - 

viewing  - - - - - - - — --- 


Paragraph 

Pago 

5.11.1.2.4 

215^ 

5.14.4.1.6 

244 

5,15,10,7.3 

278 

5. 2,6. 4. 5 

49 

5.11.1.2.3 

215 

5.11.1.1.2 

213 

5.11,3.18.2 

221 

5.11.3.15.3 

221 

5. 4. 2. 2. 5. 2 

66 

5.8. 1.3 

167 

5.14.2.1 

240 

5. 3. 1.6 

55 

5.2.1.4.13 

32 

5. 7. 9. 3 

163 

5.15.3.8.7 

263 

5.3. 1.3 

55 

5.13.5.1 

235 

5. 3. 4. 2 

58 

5. 3. 4. 2.1 

58 

5.3.4. 2.3 

58 

5. 3. 4. 2. 4 

58 

5. 3. 4. 2. 2 

58 

5.13.4.1 

233 

5.2. 1,1 

5. 14.3.8.3 

24S 

5.9.6 

186 

5.9. 14.4 

206 

5.9.12.4 

105 

5.9.14.5 

206 

5. 2. 3. 2. 3. 5 

42 

5. 2. 3. 2. 4. 5 

42 

5. 2. 3. 3. 3 

44 

5. 2. 6. 6, 4. 4 

51 

5.10.1.1 

21 1 

4.3 

17 

5. 2. 6. 9. 2 

53 

5. 2. 6. 8. 4 

52 

5.15.3.5.8 

258 

5.4.3. 1.3.2 

92 

5. 2. 4. 6 

45 

5.4.14.5.5 

72 

5. 8. 3. 3 

175 

5.  1.3.  1 

23 

5.12.2.4 

223 

5.7.6.  1.2 

153 

5.7.6.  1.5 

156 

I 


292 


MIL-ST0-1472D 


IKDEX 

Paragraph  Pag« 

viewing,  optical  equipment  — - - - - - —  5.11.3,3  216 

ot  ascent,  va  type  structure  — - - -  5.7.7. 1.1  156 

of  incidence,  definition  — — - - - - — *  3.4  9 

of  incidence,  windows,  canopies  &  windshields  -  5.14.1,1.3  239 

of  incline,  inclines,  stairs  &  ladders  -  5.14.3.5.1  243 

Annotation 

plotters  and  recorders - - — - - 5. 2. 6. 4, 7  49 

printers  — — - - - — - - - 5. 2. 6. 3. 6  48 

Anthropometry - 5.6  129 

adjustable  dimensions - - — -- — —  5.6.3. 4  143 

anthropometric  data  -- — - - - - 5.6.2  129 

clearance  dimensions  -  5. 6. 3, 2  143 

clothing  and  personal  equipment - - - 5. 6. 3. 5  143 

data  limitations  -  5.6.3. 1  143 

general  - - -  5.6.1  129 

limiting  dimensions - * — — r - 5. 6. 3. 3  143 

special  populations  -  5.6.4  143 

use  of  data - - - 5.6.3  143 

Application,  MIL-STD-1472D . —  1.3  1 

Application  or  use 

secess  openings  A  covers  - - - - - - 5.0.9. 1  187 

audio  displays - - - - - — —  5. 3. 1.1  55 

audio  displays  (user*eoaputer  interface)  - - -  5.15.3.8.1 

ball  control  . . . . 5, 4. 3. 2. 4.1  111 

coding  .  5,2.3.1.10.1  41 

command  language  - — - - - — -  5.15.4.5.1  269 

counters  - - - - - - 5. 2. 6. 2. 1  47 

cranks  .  5. 4. 2. 2. 4. I  84 

directional  controllers  - - - — - -  5.15.2.6.1  252 

displacement  (isotonic)  joystick  - - 5. 4. 3. 2, 2  105 

display  ending  - - — - - - -  5.15.3.3.1  256 

dot  matrix/ssgmsntsd  displays - - - — -------- —  5.2. 6. 8. 2  52 

elsctroixminosesnt  displays  - - 5. 2. 6. 0.1  S3 

fssdback  — ----  5.15.5.1  271 

filters,  optical  instruments  -- — - - —  5.11.3.16.1.2  219 

fixed  function  keys  - - - - - — — — --  5.  IS. 2. 3. 1  250 

flags  . 5. 2. 6. 5.1  46 

foot-operated  controls  - - - - 5.4. 1.8.6. 1  73 

form  filling  — . -  5.15.4.3.1  267 

fres'moving  XK  controller - - - 5. 4. 3. 2. 8.1  113 

ganged  control  knobs - - - 5. 4. 2. 2. 2.1  61 

graphic  displaye  -  5.15.3.6.1  258 

graphic  interaction  - - -  5.)5.4.0.1  771 

grid  and  stylus  devices  -  5. 4. 3. 2. 5.1  111 

handwheels  — -  —  - - - - -  5. 4. 2. 2. 5.1  86 

high-force  controls - - — - - 5.4. 4.1  116 

intended  use,  IIIL-STD-1472D - - - - 6.1  279 

isometric  Joystick  - - - . 5. 4. 3. 2. 3  190 

keyboards  (controls)--- - -  5.4.3. 1.3. 1  92 

keyboards  (user-computer  interface)  -- — - - —  5.15.2.2.1  250 

key  operated  switches - - - - -  5.4.2. 1.2. 1  76 

205 


MlL-STi)-i472D 


INDEX 


knobs - - - 

labeling  - 

large  screen  displays  - 

LED’s  . 

legend  lights  - 

levers  - 

light  pen  (controls)  - 

lightpen  (user-conputer  interface)  - 

■enu  selection  — - - - 

viniature  controls  - - - - 

optical  projection  displays  - 

other  visual  displays - - - --- 

pedals  - 

plotters  and  recorders  - 

printed  circuit  switch  controls  - 

printers  — — — — 

prosq>ts - — - - 

push  button,  finger  or  hand  - 

push  button,  foot  — - — —• — - - 

push’pull  controls  - 

query  language  dialogue  - 

question  and  answer  dialogues  - 

rocker  switches  - - - 

rotary  switches - — - - — -- 

scale  indicators  — — — - 

simple  indicator  lights  — — — 
slide  switches 

tabular  data  - - - 

thumbwheel,  continuous  ------ — - — -- 

thumbwheel,  discrete  - - 

toggle  switch - - — -- 

touch-screen  controls  — - — - - - 

transil luminated  displays  - 

transi lluminated  panel  asee8d)lies  -- 
variable  function  keys  — - - - 

Arebic  numerals  - - - - - 

Area 

cutaway,  emergency  evacuation  - 

extreme  quite  - - - 

band  grasp,  labels  - 

personnel  work  - - - - 

seating,  optical  projection  displays 

shipboard,  noise  - — - 

work,  depth  of  - - - 

Noise,  operational  areas  - — 

Noise,  special  area  -------- — ---- 

Arm 

Access - - — -- — - — 

Controls - - - - - -  —  -- — --- 

Dimensions  - --- 

Strength - - — - - - - 


Paragraph 

Page 

-  5.4.2.2.I. 1 

6lg 

-  5.5. 1.1 

\2\% 

-  5.2.5. 1 

46 

-  5. 2. 6. 7. 2 

52 

-  5. 2. 2. 2.1 

36 

-  5. 4. 3. 2.1.1 

105 

-  5. 4. 3. 2. 7.1 

114 

-  5.15.2.5.1 

251 

-  5.15.4.2.1 

266 

-  5.4.5. 1 

120 

-  5. 2. 6. 6.1 

50 

-  5.2.6. 1.2 

47 

“  5. 4. 3. 2. 8.1 

114 

-  5. 2. 6. 4.1 

48 

-  5.4.3. 1.9.1 

104 

-  5. 2. 6. 3.1 

48 

-  S. 15.6.1 

272 

-  5.4.3, 1.1.1 

88 

-  5.4.3. 1.2.1 

88 

-  5.4.3. 1.8.1 

101 

-  5.15.4.7.1 

270 

-  5.15.4.6.1 

270 

-  5.4.3, 1.6.1 

97 

-  5. 4. 2. 1.1.1 

74 

-  5.2.3. 1.2 

39 

-  5. 2. 2. 3.1 

37^ 

-  5.4.3. 1.7,1 

-  5.15.3.5.2 

26^ 

-  5.4. 2, 2. 3.1 

84 

-  5.4.2. 1.3.1 

77 

-  5.4.3. 1.4.1 

84 

-  5.4.6. 1 

120 

-  5.2.2. l.l 

33 

-  6. a. 2. 4.1 

37 

“  5.15.2.4.1 

251 

-  5.15.3.5.6.4 

257 

-  5.14.4.1.3 

243 

-  5. 8. 3. 3. 5 

175 

-  8.13.2.7 

233 

-  5. 7. 7. 6 

159 

-  5. 2. 6. 6. 2 

50 

-  5. 8. 3. 3. 6 

175 

-  5. 7. 1.3.1 

145 

-  5.8. 3. 3. 2 

175 

-  5. 8. 3. 3. 4 

175 

-  5. 8. 9. 5.1 

187 

-  5. 4, 4. 2 

116 

-  5.6.2 

129 

-  5. 4. 4. 2 

U6 

MIL-STD.1472D 


INDEX 

Paragraph  Page 

Support,  tracking  equipment  -  5.11.2.4  216 

Armrests 

aerospace  seats  -  5.14.2.4.7  242 

seats  . . . - . 5. 7. 3. 4. 5  147 

Army  Surface  Colors  - - - - -  5.7.9. 1  163 

Arrangement 

controls - - - - - 5.4. 1.3  68 

functional  group,  control/display  integration  -  5. 1.2. 1.1  21 

lef t-to-right,  control /display  integration  -  5. 1.2. 3.1  22 

tabular  data - - - - .  5.15.3.5.3  257 

visual  displays  - - — - - 5.2. 1.4  29 

Arrangesient  and  grouping,  controls - - - -  5.4. 1.3  68 

consistency - - -  5,4. 1.3.4  68 

grouping - - - - - 5.4. 1.3.1  68 

location  of  primary  controls - - - — ~  5.4. 1.3.3  68 

maintenance  and  adjustment  - — — - — 5.4. 1.3.6  68 

remote  controls - - - - — - 5.4. 1,3.5  68 

sequential  operations - 5,4, 1.3.2  68 

spacing  - - —  5.4. 1.3.7  68 

Arrangement  and  location,  control /display  integration  *>*’-  5. 1.2.2  22 

Arrangement  of  Groups .  shared  work  apace  — -  5.14.2.2.2  240 

Arrangement  within  Groups,  control/diaplay  integration  —  5, 1.2. 3  22 

Arrays,  vertical /horisontal .  control/dispiay  integration  5. 1.2. 3. 2  22 

Assemblies 

labeling . - . 5.5.6. 1  124 

trans illuminated  panel  — - — ......  5.2. 2.4  37 

AsseBd)ly  equipment  design  — - 5.9. 1,6  183 

Attention,  audio  signals  - - - - -  5. 3. 4. 2.1  58 

Attanuatlon,  noise  — . . . — -  5. 8. 3. 4. 2  177 

Audibility,  audio  signals  .  5.3.4. I  58 

Audio  displays  - - - - ....... - - - 5,3  55 

aircrew  stations  — - - * - - - -  5.3. 1.6  55 

circuit  test  — - — - - 5.3. 1.5  55 

failure  .  5.3. 1.4  55 

false  aiarsii - - - - - - - 6.3. 1.3  55 

general  - - - — - - - - - 6.3.1  55 

signal  type - - - - - 5.3. 1.2  55 

use . . 5.3.1. 1  55 

uee  with  several  visual  displays  - - 5.3. 1.7  55 

Audio  displays,  user'^computer  intarfaoe -  5.15.3.0  283 

alarm  settings - * - - - -  5.15.3.0.7  263 

audibility  .  5.15.3.8.6  263 

frequency . - . .  5.15.3.8.5  263 

other  requirements - - - - -  5.15.3.8.2  263 

signal  characteristics  - - -  S.15.3.B.4  263 

supportive  function  -  audio  -  —  - - - u. 5.18.3.8.3  263 

uses  . . . . . . 6.15.3.8.1  263 

Audio  signal 

caution - * - - -  5.3. 2.3  57 

dichotic  .  5. 3. 4. 2. 3  58 

differentiation  — - — - - — - - - -  5. 3. 4. 3.5  59 


295 


MIL-STD-1472D 

INDEX 


Paragraph 

Page 

K<^ 

frequency  range  — - - - - — 

O'* 

f  unc  1 1  oii&X  A v&l  UA tr  1  on 

00  ^ 

57 

57 

55 

59 

55 

57 

57 

57 

57 

57 

RR 

reaction  tine  — ------------- — -- — 

relation  to  visual  displays - - - - 

use  with  visual  display - ----. — - - 

Audio  signals,  pronioiteo  — “■ — ------------------ 

^•w*A«w«W 

Audio  warnings 

cAUwion  signAifl 

V  «  w  •  •  •  0 

nature  of  signals 

roidtion  %o  viAudi 

singlA  Olvttttnv  dlglkdl 

two  eienent  signals 

wArning  aXgndii  w 

OO 

57 

61 

O'yR 

oUu  1 0  wNla*  el  mg  1  gnA  l  a  1  CXkAl  Aw  wO  1  IwvXwA  wl 

—  -  — —  O.O.w 

AUQio  warning  controls  ----------------------- — -- 

AUvOMAwOd  «#Curlvy  • 

Autonatic 

A  <0 

uAti4  rdgistrdvion 

«0V 

ORO 

line  ortas 

247 

245 

A  1 

logroll  QlspiAy 

s€i|u4nciiig •  djOvvxon  syivdwi 

|lliuvOXX«  AUdlO  dlgnAXa  --•ei* 

OeWfV.l 

0  1 

A  \ 

voiuvv  con«nii  1  AUdxo  luiriixng 

Automatic  reset 

weWeV.a*  i 

O  1 

A  1 

wUUAU  wXglIAXd 

^  "*  3*«j»0f<4 

0  i 

J  *)f^ 

dOUHwdr  BOWMIlW  ••••••••••••••••••eee.ee- 

4Tg 

IIUwOSO  vX VO  ■UvOyavOw 

23^ 

dUJUlvMnv  AnO  AGQOal  ••"••••••-•••••••••••••••• 

40v 

n«li 

OA V vory  vOrwinAXB  ••••••••••••-••-•--•••••••••• 

20 1 

OAOXw  UnwXnQXIvg 

**  ***  -•  OeiXeV.A.W 

40  i 

f\n  \ 

cxoMxng  dfifii»x ux i X  wy  »••••••••••••*••-•••••••••••• 

40  1 

At  1 

voiivrox  ivGAvion  ••••••••»••••••••••••••••■••••••»••••••• 

De  IXeV.O.A 

_  E  1  rt  ft  1  \ 

40 1 

arAXn  VAX  VIA 

4ov 

dUAX  vXrAA  •••••-•<-••••••••••••••--•••••-••-•-- 

40  t 

A  *1  A 

_ _  C 

40v 

230 

Wj  ^  J2  e  W  .  * 

XilA VrUC wX dll  pX A vAB 

40  1 

At  i 

OpArAvlOn 

20 1 

At  1 

BpArB  virOS 

we  am.cs.^.m 

40  1 

A  t  1 

-  c  1  #1  ft  *k 

40  A 

At  t 

bUrn  BignAX  AnCI  OIBArgOnCy  llABnOr  ByBvBa  *••%•*•••- 

0* im.Vtw 

40  A 

A  t  t 

WXnGQAB  "  *  —  —  —  •  —  —  —  —  —  •  —  — 

Availability 

40  1 

I XXBQ  iUliCvlOll  KOyB 

Oe 

20U 

oi  ini orBA^xon 

400 

i_A 

AVdxixAilwAi  X Argo**BcrBBn  oispxAyB 

Axial  resolution,  optical  equipment - - - - 

. 5.  11.3.10.1 

AO 

217 

Back  menu 


5. 15.4.2.13 


267 

i 


206 


MIL-STD-1472D 

INDEX 


Paragraph  Page 


Background,  label  — - — — - - - - 5. 5. 4. 6  122 

Back-packing  aids - * - 5.11.1.2.4  215 

Backrest 

aerospace  seats  - -  5.14.2.4.6  242 

seats  — . 5. 7. 3. 4. 3  146 

Backrest  angle,  vehicle  seats  -  5.12.2,4  223 

Backup, definition - - - - - - - — - - - 3.5  9 

Ball  control  - -  5. 4. 3. 2. 4  111 

diwensions,  resistance  and  clearance  - 5. 4. 3. 2. 4, 4  111 

dynanic  character  is  tics  -  - - - - - 5. 4. 3. 2. 4. 2  111 

limb  support - - — — — * - - - - —  5. 4. 3. 2. 4.3  111 

use  . . - . - . - . .  5. 4. 3. 2. 4.1  111 

Bar  graphs  -  5.15.3.6.30  261 

Bar  spacing  -  5.15.3.6.30.1  261 

Barrier,  push  button - - - - - -  5. 4. 3. 1.1.6  88 

Barrier  height,  legend  switches - - - 5. 4. 3. 1.5. 2  97 

Bars,  platform  safety  -  5.13.6.2  235 

Battery  Terminals,  vehicle  — — - — - - - - 5.12.9.1.4  231 

Batteries,  vehicle  — — — — — — — — - - —  5.13.7.1.6  236 

Belts,  seat  (vehicle)  — - — — - — - — — — - —  5.12.2,7  223 

Binoculars/Bioculars  — — — — --- — •. — — — — — - — —  5.11.3.13  218 

biocular  viewing  - — --- — — - - - 5.11,3.13.1  218 

eyepiece  separation  -  -  - - -  5,11.3.13.2  219 

luminous  transmission  differences  - - - 5,11.3.13.4  219 

magnification  differences  - — - — — — - — — —  5.11.3.13.3  219 

8»tchcd  oculars  — . . 6.11.3.13.5  219 

slse  and  configuration  ---------- — - - - -  5.11.3.13.7  219 

weight . 6.11.3.13.6  219 

Black  oharaeteri  5.5.5. 1  123 

Blind  Operation,  controls  5.4. 1.7  72 

Blind  screwdriver  adjustments  - - - — —  5.9. 3.2  184 

Body  Access,  whole  - - - - -  - - - -  5. 7. 0,3  163 

Body  Dimensions,  seated  - - - - - - — -  5.6.2  129 

Body  Dimensions,  standing  - - — - - —  5.6.2  129 

Body  Vibration,  whole  .  S.8.4.1  179 

Boresighting,  optical  equipment  - - * — --  5.11.3.10.7  222 

adjustment  operation  - - - - - - - -  5.11.3.16.7.3  222 

lock-unlock  resistance  - - — - -  5. 1  1 .3. 18.7.2  222 

positive  locks . - .  5.11.3. 18.7. 1  222 

Braces,  equipment  mounting  - - - - - $.9. 12.fi  105 

Bracketing  . . . . . . — . —  5. 1.4.5  25 

Brake  Controls,  trailers  -  5.12.7,1.1  229 

Breadth  Dimensions,  body  - — - - - — -- —  5.6.2  129 

Break,  scale  (fixed  circular  scale)  . . - .  5. 2. 3. 2. 3. 3  42 

Brevity  label  - - - - - - 5.5,4. 1  122 

Brightness  inversion  . . - . — .  5.15,3.3,0  256 

Brightness  symbol,  head-up  displays  - - -  5.14.1.1.5.2  239 

Brightness,  trans illuminated  panel  essemblies  . .  5.2.2. 4.4  37 

Brightness,  user-computer  interface  — .  5.15.3,3.3  255 

Brow  pads,  optical  Instruments  .  5.11.3.14.2  219 

Browsing  Help . — .  5.15.8.12.3  275 


297 


MIL-ST0-i472D 

IXDEX 


Paragraph 


Buffer  - — 

Building  Vibrations 


5.  15.3.7.1 
5.8.4. 1.2 


Accass  - 

-  5.9.13.5 

206 

AAR 

Claaps 

4vw 

OAR 

0  «  ¥  •  1  w  .  1 

R  O  1 ^  A 

OAA 

1  iCAwXon 

••  w • ¥ . 1 w . 0 

4  V  V 

AAA 

Uvllgm  *  J.  »  V  •  - 

9*¥*  aw«w 

4Uv 

AAR 

rrO v#C vlOli 

••••  9  *  ¥ • 1 w .  1 

^  c  n  1  ^  j 

4  w  w 

AAR 

•*•••  9  •  v«  14 . 8 
.....  R  A  J 

400 

AAR 

auVCVp wX DIJL 1  wy  vO  APU8C  »  —  —  -  —  —  —  —  •  — 

Unwinding,  vinehas - — 

w • V • X4  »  ^ 

-  5.12.9.4.3 

....  K  A  •!  1  A 

400 

231 

A  1 

v8ix9F««xon  jLnxoFWwxon •  8c«x#  xiiuicAwors  *** 

9*t9«4«  i«¥ 

8  1 

A 

v8nc8x  «  avixnivxoii 

4«0 

¥ 

080 

vMlOpAV*  1  8vFOVp8u8  VQI11C4C  vOB^)8r  vcDlvn  w8  **** 

Capacity 

..  .e  1AQC 

44¥ 

A  8  A 

*•• •  9 . 14 . o . D 
e  1 A  A  A 

440 

A88 

V98l8»««  t  i8k084i8 

••••  9  «  14 • 4 • 0 

....  R  tJ  4  8  A 

444 

04  R 

•  ••«••  9*18, 8*4*0 

480 

A  4  R 

....  18* 8*4*0*  1 

444 

1  A  1 

v8p%i*V8  r88¥nwr8 

Carrying 

a.w. 10. 3 

l¥l 

Ai  “mivnvy  (  w w -» w •  • 

•*""  9.0. 11.0.0 

.  R  A  1  1  8  C 

1984 

4*t8XV8«  w8XpUV  ••  ^  w  w  —  —  ^  w -•  —  .»w  —  ^  w  ^  w  •  ^  • 

^  9*¥«llk4*9 
•mm  R  1 1  19 

1 V4^ 

A  \  R 

portability  and  load 

5.11.1 

4  1 D 

213 

•••*<••  0,11*1*1*8 

214 

v8riKm  88Xaw84P8  »  wQXXC  u8J*«rQ 

9*  i4*T*8»4 

437 

0 « V » 0 

160 

A»m  _ _ _ _ 

..  R  A  «»  d 

160 

PmAM88  ^  •  www»*.»  w-pww* 

0  .  ¥  .  7  •  8 

\  60 
\  fiR 

9.0.7, 1 

160 

1  V8BMV8X  j 

‘****'  0  *  9  *.7 , 4 

160 

8XX8  ■*  artr-w-rfi^ir  rrHrwniu-Mwituuuu.i  i_ix  ji - 

•  5  •  W . 7  *  4 

160 

v8  WC>IXw8  t  u  X  tip  88  XRQ  wOnqU8*8nCI*8  AOv 

**•••  0  .¥.  Iv.  4 

1 9 1 

0*4.8 

44 

0 . 4 . 8  .O 

40 

.....  5 . 2 . 8 . 0 

40 

iXAliv  9Xg|l8X8  • 

*  *•  “  0  •  4  *  8  •  4 

40 

0.4.8*10 

40 

J  c 

*  0 . 4 . 8 . 0 

4  0 

•••  0 . 4  *  8  *¥ 

_  C  A  a  A 

8TJ 

i8iAVvvvQ  pxnrw 

0 . 4 . 8  * 7 

40 

A  It 

0*4*8t4 

45 

•  XpnAl  8XX8  ••-•••••  •a***  ^ •a**  • 

••••  0 «  4  *  8  *  1 

44 

Caution  signal,  aastor  (definition)  — - - 

0 . 4 . 8  •  4 

—  -  3-43 

45 

13 

298 


MII.-STD-1472D 

IBDEX 


Paragraph  Page 

audio  - - - — - - - - - -  5. 3. 2. 3  57 

definition  — - - - - - - -  3.7  10 

Caution  signal  control,  audio  — - - - — — — 5. 3. 6. 4. 3  62 

Center-of- gravity  and  weight  labels - - - - —  5.13.2.2  233 

Chains,  platform  safety - — * -  5.13.6.2  235 

Change,  data,  user-computer  interface  — - - -  S.  15.2.2.9  250 

Change  of  data,  user-coi^juter  interface - — —  5.15.2.1,11  249 

Changes  from  previous  issue - - - — - -  6.3  279 

Changing  passwords  ' — - - - — - - — — -  5.15.8.13.8  275 

Changing  site,  graphic  displays  - - - - -  5.15.3.6.19  260 

Changing  values,  dynamic  displays  - -  5.15.3.4,1  258 

Channel 

critical,  (audio  signals)  - - — — — — 5. 3. 4. 5, 1  60 

guard,  push  button - — — — - - - - — —  5.4.3. 1.1.4  88 

separate  (audio  signals)  — - — — — - - — - - —  5. 3. 4. 5. 2  60 

Character 

black,  labels  -- — — — — — - — —  5. 5. 5.1  123 

capital  vs  lower  case,  labels  — - - — —  5.5.5. 4  123 

height  and  viewing  distance,  labels  — — — — - -  5.5.5.15  124 

label,  design  - - — — . —  5.5.5  123 

shifted,  uscr-coBQ>uter  interface - - - — -- — 5.15.2.4.5  251 

spacing,  labels - — - - 5.5.5.11  124 

wide,  labels  — 5. 5. 5. 7  123 

Characteristics 

audio  warning  signals  — - 5.3.3  57 

label  . - . S.5.1.2  121 

manipulators - .  5.10.3.2  211 

signal,  audio  display  (user-computer  interface)  — — --  5.16.3.8.4  263 

Characteriitios  of  equipment  to  be  handled  remotely  8.10.1  211 

alignment - 5.10.1.1  211 

disconnect - - - — - — — - - 8.10.1.2  211 

fasteners  5.10.1.3  211 

lock  and  latching  meohanisms - - - - - 8.10.1.4  211 

Choice  of  passwords  - - - - — — - - — - — 5.15,8.13.7  275 

Circuit  Boards,  printed  — - - - — - - - -  6.0.10  200 

Circuit  Breaker  (and  fuses)  - - - —  5.0.17.2  200 

controls  — . - . — .  5.0.17.2.4  200 

diownsions  and  separations  5.0.17.2.5  200 

general . - . — .  S. 0.17. 2.1  200 

marking  .  5.0.17.2.3  200 

replacement  and  resetting - - - * - - — --  5.0.17.2.2  208 

Circuit  Failure,  display - — - - - 5. 2. 1.3, 7  20 

Circuit  Test,  audio  displays  — - — - — - - 5. 3. 1.5  55 

Circular  Scale 

fiKtd  pointer  - - - - — - -  5, 1.3.5  24 

fixed  scale - - - - - -  — — - -  5. 2. 3. 2. 3  41 

moving  pointer - — - - -  5. 1.3,3  23 

Circumference  Dimensions,  body - - - 5.6.2  129 

Clamps,  cable  design - * — - — -  5.0.13.2  205 

Clarity,  display  failure  - - - -  5. 2. 1.3. 6  28 

Cleating,  ramps - - - - - - - 5. 7. 7. 5. 1  150 


200 


■MIL-STD-1472D 


INDEX 


Clearance 

ball  control - - - - — - - 

diaenslons,  anthropometric - - - - - 

cover# - - - - - 

ejection  systems - - — - - - — - - - - 

seating,  vehicle - — 

Clothing  and  personal  equipment,  anthropometry  - - — 

Clothing  Compatibility 

gioves/hardmare - - - 

optical  inatrumants - - — - — ------  — 

winches  - - 

Clothing  Constraints,  Equipment  Design  - - - - 

Clothing  Protective.  Placards - - — 

Codes,  keyed  (menu  selection)  - — 

Coding 

choice  of  colors 

color,  controls  — — - - — ————————— 

■color,  hsndsets - - - - - - - - — 

color.  LEDs - - - - — — — — — — — — - 

conductors - - - - - - - — — — - 

connector  - — - - — — - — 

control  to  display  ------- — -- — - — - — --- 

discrininability,  audio  signals  — - - — 

display,  data  display 

flash  — -- — 

levers  - - 

mounting  iteu  - - 

objectives  - - - - 

option,  menu  selection  — — — 

pattern,  scale  Indicators  • — - - — 

pattern-or-oolor .  scale  indicators - -------- 

rsplaccabls  itssm  - - — — - 

scale  indicators  - - — ------- 

simple  indiostor  lights  — — - — — — - ---- 

standardisation - — - - — - — — 

symbol  end  else,  displays - - - -------- 

symbology  - - — - - - - 

techniques  - - - - - - - - 

thui^wheei  control,  discrete  - - - — - - - - 

standardisation - - - - - -• 

use,  scale  Indicators  - - - — — 

viewing  equipment  - - — ---- — - ------ 

visual  displays - - - 

Coding,  controls - - - - - - - 

location-coding  - - — - — - 

methods  and  requirements  ------ — - - ----------- 

shape-coding - - - -  —  ----  —  — 

sise-coding  — ------ — ------- — - - — , — 

Coherent  representation  of  data  organisation  - - — 

Col  1  i  mat  Ion  -- — ------- — - — — - — - — --- — 

Color 


Paragraph 

Page 

5. 4. 3. 2. 4. 4 

.ui 

5. 6. 3. 2 

143 

5.0.S.3 

186 

5,14.4,3.1 

244 

5.12.2. 1 

223 

5. 6. 3. 5 

143 

5.4.  1.6 

72 

5.11 .3. 14.3 

219 

5.12.9.4.5 

231 

5.9. 1.7 

183 

5.13.2.4 

233 

5.15.4.2.11 

267 

5.2.3.1.10.3 

41 

S.4.1.4.S 

71 

5. 3. 9. 3 

64 

5. 2. 6. 7. 4 

52 

5.9.13.1 

205 

5.9.14.7 

207 

5.4. 1.4. 5. 3 

72 

S.3.4.3.2 

50 

5.15.3.3 

255 

S. 15.3.3.2 

255 

5,4. 3. 2. 1.2 

low 

5.9.12.5 

2oH 

5.2. 1.5.1 

3™ 

5.15.4.2.10 

267 

5.2.3.1.10.4 

41 

5.2.3.1.10.2 

41 

5.9. 12. S 

205 

5.2.3.1.10 

41 

5. 2. 2. 3. 3 

37 

5.2. 1.5.3 

32 

5.15.3.3.8 

256 

5.2. 1.5. 4 

32 

5.2. 1.5.2 

32 

5.4.2. 1.3.3 

759 

5.2. 1,5.3 

32 

S. 2. 3. 1.10.1 

41 

5.10.4.5 

212 

5.2. 1.5 

32 

5.4. 1.4 

68 

5.4. 1.4.2 

71 

5.4. 1.4. 1 

66 

5.4.  1.4.4 

71 

S. 4. 1.4.3 

71 

5.15.4.7.3 

270 

5.11.3. 18.4 

221 

300 


MIL-STD-14720 

IVDEX 

Paragraph  Page 

controls - - - - - - — — — —  5.4. 1.4.5. 1  71 

dot  matrix  emitter - - - — * — - - — - 5. 2. 6. 8. 7  52 

pointers,  scale  indicators - - - - — - - - 5.2.3. 1.7.4  41 

scale  indicators - - - - - - - 5.2.3.1.10.3  41 

Color  and  Illumination,  rocker  switches  - - -  5.4.3. 1.6.5  99 

Color-Coding,  controls  — - - - - — - 5.4. 1.4.5  71 

ambient  lighting  and  color-coding  exclusion  -  5. 4. 1.4. 5. 5  72 

choice  of  colors  -- — — — - - — — — - - -  6. 4. 1.4. 5.1  71 

control  panel  contrast - - - - — — — - 5. 4. 1.4. 5. 4  72 

iamediate  action  controls - - - - — -- —  5.4. 1.4. 5. 2  72 

relation  to  display  - — — - — - 5. 4. 1.4. 5. 3  72 

Color-Coding 

displays  . - .  5.15.3.3.7  256 

handsets  — - - — — . — - — - — - —  5. 3. 9. 3  64 

indicator  lights - - — - — - - - — - 5. 2. 2. 3. 3  37 

key  operated  switch  — — — — — — - - 5. 4. 2. 1.2. 3  77 

LEDs - - - - - 5. 2. 6. 7. 4  52 

legend  lights  —————— — — - 8,2. 2. 2. 2  36 

scale  indicators  — — — — - — - - -  5,2.3.1.10.2  41 

test  points  — — — — — — — — -  5.8.15.3  206 

trans illuminated  displays - — — - - —  5,2.2.1.18  35 

Color,  surface - - - —  5.7,0  163 

klT  Force  — - - - - - — 5.7. 9. 3  163 

Army  ---------------- — 5.7.0, 1  163 

Bavy . - . - . 5. 7. 9. 2  163 

Color,  illuKinated  sights  and  reticles  5. U. 3. 12. 2  218 

Colusns 

consistent  spacing,  tabular  data  - - 5.16.3.5.12  258 

miltiple,  vertical  ordering  (tabular  data)  5,15,3.3.6.5  257 

scanning  cues,  tabular  data  — — - - - — — 5.15.3.5.13  256 

Combined  control,  conirol/dieplay  integration  — - -  5. 1.2. 3. 5  23 

Combined  operetor/maintainer  information,  displays  - — --  5.2. 1.3.5  28 

Comfort,  operttor  (commun  lost  Ion  equipment)  ----------  5. 3. 9.1  64 

Comfort  Level,  vibration  — - - - - - - 5. 8. 4. 1.1.3  177 

Comfort  Zone  ---------- — ---- — -------------- — 5.8. 1.7  168 

Ooeimand  and  Control  System  Equipment,  definition  3.8  10 

Command  entry,  prompts,  messages  at  bottomidata  display)*  5.15.3.1.8.2  253 

Command  Language,  definition - - - - - 3.8  10 

Command  language,  interactive  control  - - -  5.15.4.5  269 

abbreviations  - - - - - S. 15.4.5.5  260 

command  prostpts  — — - — - — - — 5.15.4.5.8  269 

complexity - - - - -  5. 15.4.5.0  260 

destructive  commai^ds - - - - — - - -  5. 15. 4. S.  12  270 

displayed  location - - — - - - -  5.15.4.5.7  269 

distinctivoneas  — - - * — - — - - - - 5. 15. 4. S. 3  269 

punctuation  . . . . . * -  5.15.4.5,4  260 

standardisation  — - - - —  5.15.4.5.6  260 

standard  techniques  for  command  editing  -  5.15.4,5.11  270 

use . . . - . 5.15.4.6.1  260 

user  definition  of  macro  commands - - — --------  5.15.4.5.10  269 

user  viewpoint - - — * -  5.15.4.5.2  260 


301 


MIL-ST0-1472D 


INDEX 


Commands ,  text/prograo  editing 

editing  - - 

program  edit - - 

text  edit - - - - - 

Coounon 

fastners  — - - - - * _ 

hand  tool,  definition - - - 

plane  - 

working  positions - - - - - 

Communication  Equipment,  voice  (controls)  --------- — -- 

Comparative  data  fields,  data  display  - 

Compartment  Design,  aerospace  vehicle  - - - - 

Compatibility 

audio  displays  * - - - - - - — _ _ _ _ - _ _ 

seating - - - - - 

tracking  control  - - - 

Compatibility  with 

acoustical  environment,  audio  signals  - 

clothing  and  equipment,  audio  signals  - 

clothing  and  personal  equipment,  binoculars/bioculars 

handwear,  controls  - - - 

user  skill,  user^oomputer  interface  - - - - 

Complexity  and  precision,  control/display  integration  — 

Component  Access,  vehicle  - - - - ------ _ 

Component  Groups,  control/display  integration  — - - 

Component  Bepiacement,  optical  equipstent 

Composite  Scalar/Pictorial  Displays . . 

Computer 

derivation  of  graphic  data  ------------------ _ - _ _ 

failure,  user-computer  interface  — — - - 

indication  of  equipment  failure - - - 

processing  constraints  . 

response  — . . . . 

Concurrent  display,  user-computer  interface  -» — . 

Conductors  _ _ _ _ _ 

access  -- — - - - - - - - - 

cable  clamps  . . . . 

cable  protection _ _ _ _ _ _ 

cable  routing  . . . . . . . . . . . 

coding  - - - - - - - 

identification  - - — ----- _ _ _ _ _ 

length  - - - — _ _ _ _ _ _ _ 

suseptabiiity  to  abxtse - - - . - _ 

Conf iguration 

binoculars/bioculars  - - - - _ 

hatches  — - - - - - - - 

keyboards,  controls  - - 

keyboards,  user-computer  interface  — --  —  - - - - 

portability,  small  systems  and  equipment  - - - 

standard  console  design - — . . . . - _ 

Configuration  and  placement,  foot  operated  controls  - - 


Paragraph 

Page 

-  5.15.3.7.4 

26lfl 

-  5.15.3.7.4.2 

261  ^ 

-  5.15.3.7.4.1 

261 

-  5. Q. 10.5.3 

192 

-  3.10 

10 

-  5. 1.3. 8 

24 

-  5.7.4 

147 

-  5.3.10 

64 

-  5.15.3.1.8 

253 

-  5.14 

239 

-  5. 3. 4. 4 

59 

‘  5. 7. 3. 4.1 

146 

-  5.11.2.5 

216 

•  5. 3. 3. 2.1 

57 

*  5. 3.3. 2.2 

se 

5.11.3.14.3 

219 

■  5.4. 1.6 

72 

■  5.15.4.1.4 

265 

‘  5. 1.1.3 

2) 

5.12.9.1.3 

.230 

S. 1.2. 3. 7 

23 

5.11.3.18.6 

222 

5. 2. 3. 3, 7 

5. 15.3.6.  16 

260 

5.15. 1.7 

247 

5.9.17.1 

208 

5. 15,4,1.12 

265 

5.15.1.2 

247 

S. 15.4. 1.6 

265 

5.0.13 

205 

5.0. 13.5 

206 

5.0.13.2 

206 

5.0.13.7 

206 

5.0.13.4 

206 

5.0.13.1 

20S 

5.0.13.6 

206 

5,9.13.3 

206 

S. 0.13.6 

206 

5.11.3.13.7 

219 

5. 7.0. 2.1 

163 

5.4.3. 1.3.2 

92 

5. 15.2.2.2 

250 

5.11.1.1.3 

213 

S.7.S.2 

153 

5. 4. 1.8. 6. 4 

74 

M1L-ST0-1472D 


303 


MIL-STD* 14720 


INDEX 


Content 

display,  user-computer  interface  - 

displayed  information,  large  screen  displays  - 

error  message  - 

message,  verbal  signals  - 

visual  displays - - - 

Contents,  labels - — 

abbreviations  - - 

equipcMnt  (unctions  - 

irrelevant  information  - - - - 

Context  for  displayed  data,  data  display  — - - 

Continuous  Adjustment  Linear  Controls  - ------ 

Continuous  Adjustment  Rotary  Controls  - 

Continuous  Adjustment  Thumbwheel  Control  — - - 

dimensions,  separation  and  resistance  — — •--- 

labeling  and  visibility  - ’ - - — - 

OFF  position - - — - - — ... 

orientation  and  movesient  - - - — — 

turning  aids  - - - - - 

use  - — — — - - — - - - 

Contrast 

control  panel 

counters  — - 

direction  of  contrast,  projected  data 
(lags 

large  screen  optical  projection  displays  . - 

luminance,  definition . . . . — — 

luminance,  scale  indicators  — - - — — — 

luminance  ratio,  projected  data  - - 

plotters  end  recorders 

printers  - - - - * - - — 

rotary  switches - - - - - — 

within  the  indicator,  trans illuminated  displays 

visual  displays  - - - - - - 

Control /Display  Integration - - 

Control /Display  Integration,  general  criteria  - 

complexity  and  precision - - - 

design  ------ — - - - - - - — - 

feedback  - - * - - - - - - - - 

illumination  -------  —  - - - - - - 

relationship - - - - - -  —  - - 

simultaneous  access - - — --- — — 

Control/Display  Integration,  movement  relationship 

common  plane  --  —  - - - - - - --------- 

direct  linkage  - - - - ----- 

fixed  pointer  circular  scale  - - - — -- 

fixed  pointer  linear  seal*  - - - - 

labeling - - - 

lack  of  ambiguity  . . . . 

movement  direction  - - - - 

moving  pointer  circular  scale  - - 


Paragraph 

Page 

• 

---  5.15.3.2 

254 

—  -  5. 2. 5. 6 

47 

—  5.15.8.5 

27  4 

—  -  5.3. 5.5 

61 

—  5.2. 1.3.1 

28 

—  5.5. L 

122 

—  5. 5. 3. 2 

122 

—  5.5.3. 1 

122 

— "  5. 5. 3. 3 

122 

---  5.15.3.2.5 

255 

—  5. 4. 3. 2 

105 

—  5. 4. 2. 2 

81 

5.4. 2. 2. 3 

84 

—  5. 4. 2. 2. 3. 4 

84 

S. 4. 2. 2. 3. 5 

64 

—  5. 4, 2. 2. 3. 6 

84 

--  5. 4. 2. 2. 3. 2 

64 

—  5. 4. 2. 2. 3. 3 

84 

• —  5.4. 2. 2,3. 1 

84 

—  5.4. 1.4. 5. 4 

72 

5. 2. 6. 2. 7 

48 

—  5. 2. 6. 5. 4. 3. 2 
5 . 2 . 6 , 5 . 4 

5. 2. 5. 6. 4. 3 
•—  3.39 

SI 

« 

5.2.3. 1 .8 

41 

■—  5. a. 6. 5.4. 3.1 

51 

—  5. 2. 6. 4. 3 

48 

—  5. 2. 6. 3. 3 

48 

—  5.4.2. 1.1,5 

75 

—  5.2.2. 1 . 12 

34 

—  5.2. 1.2.3 

27 

—  5.1 

21 

—  5.1.1 

2! 

--  5. 1.1.3 

21 

-»  5. 1.1.2 

21 

5.1. 1.4 

21 

--  5. 1.1.5 

21 

—  5.  I.  1 ,  1 

21 

•“  5. 1.1.6 

21 

5.1.3 

23 

--  5. 1.3.8 

24 

--  5. 1.3.7 

24 

--  5. 1.3, 5 

24 

-•  5. 1.3.6 

24 

5.1.3.10 

24 

—  5. 1.3.1 

23 

5  1.3.11 

24 

--  5. 1.3.3 

• 

304 


MIL-STD-14720 

IMDEX 


moving  pointor  1 inoar  scale - - 

parallel  movement  — 

Control/Display  Integration,  position  relationships 

access - - 

arrangement  within  groups  - 

combined  control  - 

component  groups  - - -  ** 

emergency  use  - 

functional  grouping - * - — 

funotional  group  arrangement  ---  --- 

functional  group  marking  - 

left-to-right  arrangement - - 

location  and  arrangement  — --- 

multiple  displays  - - 

separate  panels  “ — -  -- 

sequence - * — - - * - 

simultaneous  use - - — ”  **"*  “ 

vertical  and  horisontal  array#  - 

Control  Display  Movement  Ratio . . 

bracketing - - 

counters  - - - 

knob,  coarse  setting - -  *"■* 

knob,  fine  setting -  ”*  T”" 

lever,  coarse  setting  -- 

lever,  two-dimensional  setting 

miniitisation  of  time  — — - 

range  of  display  movement . . . 

Control  entry,  definition  ----------- 

Control  entry,  form  filling  for  . . 

Control  input  deta  display,  interactive  control  — 

Control  Ubels.  lilting  vehicles  — — - — 

Control  Location,  winches 

Control  Movements,  vehicle  operating  instructions 

Control  of  Displayed  Information  - . — . 

Control  of  Hasardous  Operations - *  . . 

Control  Panel  Contrast 
Control  Placement 

lifting  vehicles . 

seated,  normal - * - -  - 

seated,  special  - - — ” 

standing,  normal  — - - - - 

standing,  special - - - - 

Control  Protection  (also  see  Rceidental  Activation, 

ejection  systems - - - - 

escape  exits  -------- — --■*  - 

Control  Return,  pedals - - - - - - 

Control.  Replenishment  and  Service,  plotters  1  reco 

Control,  Replenishment  and  Service,  printers  . 

Controls - - - - - 

detent  - - - 

distribution  of  work  load  — - — - — ”” 


Paragraph 

Page 

-  5. 1.3.4 

23 

-  5. 1.3.9 

24 

-  5.1.2 

21 

-  5. 1.2.1.  1.2 

22 

-  5. 1.2.3 

22 

-  5. 1.2. 3. 5 

23 

-  5. 1.2. 3. 7 

23 

-  5. 1.2. 3. 8 

23 

-  5. 1.2.1 

21 

-  5.1.2.1.1 

21 

-  5  1 .2. 1 . 1 .3 

22 

-  5. 1.2.3. 1 

22 

--  5. 1.2.2 

22 

-  5. 1.2. 3. 4 

23 

-  5. 1.2. 3. 6 

23 

--  5. 1.2. 1.1.1 

22 

--  5. 1.2. 3. 3 

23 

-  5. 1.2. 3. 2 

22 

--  5.1,4 

24 

—  5. 1.4.5 

25 

--  5, 1.4. 8 

25 

—  5. 1,4.3 

25 

—  5. 1.4.4 

25 

--  S. 1.4.0 

25 

—  5. 1.4.7 

25 

—  5.1.4.! 

24 

—  S.1.4.2 

25 

—  3.11 

to 

—  8.15.4.3.16 

269 

—  5.15.4.1.15 

266 

—  5.12.6.2 

230 

--  5.12.9.4.4 

231 

—  5.12.4.5 

227 

—  5. 2. 5. 5 

46 

—  5.12.3.4 

227 

—  5.4. 1.4. 5. 4 

72 

--  5.12.8.3 

230 

—  5. 7. 3.9 

147 

—  5. 7.?. 10 

147 

—  5. 7, 2, 4 

146 

--  5.7. 2.5 

146 

ventlon  of> 

--  5.14.4.3.4 

245 

—  5.14.4.2.5 

24S 

--  5. 4. 3. 2. 8. 3 

116 

s  5. 2. 6. 4. 8 

49 

-•  5. 2. 6. 3. 9 

46 

--  5.4 

67 

--  5.4. 1.1.4 

67 

--  5.4.1.1.1 

67 

305 


MIL-STD-1472D 

I5DEK 


G-ioa4in|  - 

geneT«l  wlteria - - - - — “ — 

aul  tiro  tat  ional - — - - — “ — 

saiaction  - - - 

stops - - - - - - 

Controls 

access  to  foot,  aerospace  seats - - - -- 

accideataJl  activation,  prevention  of  — - - 

adjustment,  design  for  maintainer  - 

arm.  hand  and  thumb-finger  — — — — - - 

audio  warning  devices - — — — — — — — 

bail . - . . . 

blind  operation  — — — — — — - - - — - 

brake,  trailers - - — — — - - — - 

caution  signal,  audio  - 

coding  - 

color  coding - - — - - 

cofidiincvd,  control /display  integration  — — 

communication  equipment - — — -- — - 

conqjatibiiity  with  handwear  - - - - 

consistency,  arrangement  and  grouping  - — 

consistency  of  movement,  direction  of  movement 

continuous,  thumbwheel  - -- 

dead  man - - — - — — — - - - - 

detented,  thumbwheel - 

direction  of  movement - - - — - 

discrete  linear  --- — - - — - 

discrete  rotary  — - — - - - - - - 

displacement  Joystick  — -- — — — - - - - 

display  color  coding - - - — - - 

display  integration,  relationship  - - - 

ejection,  ejection  systems  — — - — 

emergency  use - - - - - 

feedback - - - - - 

feedback,  computer  - — - - - - 

foot,  high  force - — - — — - - — -- — 

foot-operated - - - - — — 

foot-operated,  avoidance  - - — — — 

foot-operated,  for  voice  communications  --- — 

foot-operated,  lifting  machine  - - 

foot-operated  switches - - - - - 

foot-operated,  use  - 

ganged  control  knobs  - — — - 

grid-and-stylus  devices  — — — — - - - - 

handwheels - - - 

high  force  — - - — ---- — - — - 

immediate  action,  coding  - - 

intensity,  LEDs  - - - 

interactive,  user-computer  interface  - 

internal,  accidental  activation  - 

isometric  joystick  - - - 


5. 4. 1.1. 2 

5.4.1 

5. 4. 1.1. 3 

5. 4. 1.1 
5. 4. 1.1. 5 


57  A 
67  n 

67^ 

67 

67 


5.14.2.4.5 

5.4.1 .8 
5.C.3 

5. 4. 4. 2 

5.3.6 

5.4.3. 2.4 
5. 4. 1.7 

5.12.7.1.1 

5. 3. 6. 4. 3 

5.4. 1.4 

5.4. 1.4. 5 

5. 1.2. 3. 5 
5.3.10 

5. 4. 1.6 

5. 4. 1.3. 4 

5.4. 1.2.1 

5. 4. 2. 2. 3 

5.4. 1.8. 5 

5.4.2. 1.3 

5.4. 1.2 

5.4.3. 1 

5.4.2. 1 

5. 4. 3. 2. 2 

5. 4. 1.4. 5. 3 

5. 1.1.2 

5.14.4.3.3 

5. 1.2. 3. 8 
5. 1.1. 4 

6.15.2.1.2 

5. 4. 4. 3 

5. 4. 1.8. 6 

5. 4. 1.8. 6. 2 

5.3.10.3 

5.12.8.4 

5.4.3. 1.2 

5.4. 1.8.6. 1 

5. 4. 2. 2. 2 

5. 4.3. 2. 5 

5. 4. 2. 2. 5 

5.4.4 

5.4. 1.4. 5. 2 
5. 2. 6. 7. 3 

5.15.4 

5.4. 1.8.2 

5. 4. 3. 2. 3 


241 

72 

184 

116 

61 

ill 

72 

226 

62 

68 

71 
23 
64 

72 
68 
67 
84 

73 
77 

67  _ 

eaA 

74W 

105 

72 
21 

245 

23 

21 

248 

120 

73 
73 
64 

230 

88 

73 

81 

111 

86 

116 

72 

52 

263 

72 

108 

• 


306 


MIL-STD-1472D 


INDEX 

Paragraph  Page 


redundant  visual  learning  - - — - -  5. 3. 0.3  61 

volume  control - - - -  5. 3. 6. 4  61 

Controls .operational  and  maintenance  ground /shipboard  —  5.12.3  223 

control  of  hazardous  operations  -  5.12.3.4  227 

design - - - - — - - — " —  5.12.3.1  223 

pedals  - - 5.12.3.3  223 

steering  — - — - - - - — - — -- — --  5.12.3.2  223 

Controls,  text/program  editing  - — --  5.15.3.7  261 

annotations  - - — -- — -- — - — - — - - - -  5.15.3.7.13  252 

entries - — --- —  5.15.3.7.5  262 

format  . . . . . .  5.15.3.7.8  262 

tab . . .  5.15.3.7.4.3  261 

Controller,  free-moving  XT  (mouse) - - — - — — — - —  5. 4. 3. 2. 6  113 

Controllers,  directional (user-computer  interface)  — - — --  5,15.2,6  252 

Convenience,  operator,  comnunicatons  equipment  — - -  5.3.8  64 

Copilot  Station,  design  - - 5.14.3.1  240 

Correction 

entry  and  confirmation  - — — - -  5.15.8.8  274 

error . - . - . 5.15.8.1  273 

Comters  - - - - - 5.2.6. 2  47 

contrast - — — — — — — - - - 5. 2. 6. 2. 7  48 

finish  . - . 5. 2. 6. 2. 6  48 

illumination - - - - — - — ----- — - - 5. 2. 6, 2. 5  47 

mounting  --------------- — - - - — 5. 2. 6. 2. 2  47 

movement  ------- — — - — -----  5. 2. 6. 2. 4  47 

spacing  between  numerals  ----- — --- — — - — — — — —  5. 2. 6. 2. 3  47 

use . . . 5. 2. 6. 2.1  47 

Counters,  control  display  moveiMnt  ratio  - - 5. 1.4.8  25 

Covers - — — - —  5.8.8  186 

access - - — 5.Q.8  187 

access  labeling  - - - — —  5, 8.8.3  187 

alignment  — - - — --  —  - - - 5.8.6  186 

clearance - - - - - -  5. 8,8. 3  186 

guard,  push  button  = - - — -- — - - — - 5. 4. 3. 1.1.4  86 

indicator  . - . 5.2.2.1.17  35 

instructions  — - - — 5.8. 8. 2  166 

removal - - - — --  5.8.12,11  205 

rounding  -- — - - - - — - — — — - —  5. 8. 8. 4  107 

securing  - - - - - - 6.8.6. 1  186 

self-supporting  - - -  5.8. 8.2  107 

Cranes,  materiels  handling  and  construction  ------ — -----  5.12,0  220 

access - - - - — -  5.12.0.7  230 

control  labels - - - - — - - - —  5.12.0.2  230 

cor-rol  placement  - - - — - -  5.12,8.3  230 

foot-operated  controls - - — - - -  5.12.8.4  230 

general  -  5.12.0.1  230 

handholds  and  footholds  - - - - - - -  5.12.6.6  230 

load  capacity - - - - -  5.12.8.6  230 

visibility  .  5.12.8.6  230 

Cranks  - - - - - 5. 4. 2. 2. 4  84 

balance - - - —  5. 4. 2. 2. 4. 5  86 


307 


MIL-STD-1472D 


INDEX 


diaensione,  resistance  and  separation  - - 5 

folding  handle - 5 

grip  handle - - 5 

use  -----  —  - - -I - - - - - - - 5 

Crank  Size,  tracking  equipment  - 5 

Crew  Size,  effects  of  (compartment  design)  - 5 

Crew  Stations,  aerospace  vehicle  design  - — -  5 

Criteria,  speech  intelligibility - - — - - - 5 

Critical 

channels,  audio  signals - - — - — - - — —  5 

entries  - 5 

function  location,  lights  — - - — - 5 

malfunctions  -  5 

signals,  audio - - - ; - 5 

warning  signals,  verbal - - - - —  5 

Criticality,  data  display  — — — — - — — - -  —  —  5 

Crowded  displays,  data  display  — - - — - —  5 

CBT  — . 5 

Cues 

column  scanning - - - - - - - - — - - 5 

row  scanning  — - — — - — - — - - — 5 

Cursors 

confirming  position  — - — - - - - - -  S 

control  — - — - - - - — - - — -- — •  5 

consistent  positioning  - — — — —  5 

display - - - - - — - - — .......  5 

distinctive  — ..... — ........... - 5 

explicit  activation - 5 

form  filling  - - 5 

home  position  5 

keyboard  cursor  control  - - - - ...  5 

movement  relationships - - — - - — — ---  5 

user-'computer  interface - 5 


placement  of  numerals  - - - 

placement  of  pointers  - - - - 

pointer  alignment  - - 

scale  reading  and  pointer  movement  - - 

zero  position  and  direction  of  movements 

Cushioning  seats  - - 

Cutaway  Areas,  emergency  evacuation  - 


Paragraph 

Page 

—  5. 4. 2. 2. 4. 3 

86| 

—  5. 4. 2. 2. 4. 4 

86" 

—  5. 4. 2. 2. 4. 2 

86 

—  5. 4. 2. 2. 4.1 

84 

—  5.11.2.2 

216 

—  5.14.2.2.3 

240 

—  5.14.2 

240 

—  5.3.12.2 

65 

—  5. 3. 4. 5.1 

60 

—  5.15.8.4 

273 

—  5. 2. 2. 1.7 

33 

—  5.9.17.1.3 

208 

—  5. 3. 4. 3. 3 

59 

—  5. 3. 5. 6.1 

61 

—  5.15.3.1.2 

252 

—  5.15.3.2.2.1 

254 

—  5.2.4 

44 

—  5,16.3.5.13 

258 

—  5.15.3.5.14 

258 

—  S. 16,3,6.9 

259 

—  5.15.2.1.8.1 

248 

—  5.15.2.1.8.5 

249 

—  5.15.2.1.8.2 

248^ 

--  5.15.3.6.7 

2SA 

—  5.15.2.1.8.4 

249^ 

—  5.15.4.3.6 

268 

—  5. 15. 2.1.8. 3 

249 

5.15.2.1.8.6 

249 

—  5.15.2.1.8.7 

249 

—  5.15.2.1.8 

248 

—  5. 2. 3. 2. 4 

42 

—  5. 2. 3. 2. 4. 4 

42 

--  5. 2. 3. 2. 4. 3 

42 

—  5. 2. 3. 2. 4. 5 

42 

—  6. a. 3. 2. 4.1 

42 

--  5. 2. 3. 2. 4. 2 

42 

—  5. 7. 3. 4. 4 

146 

—  5.14.4.1.3 

243 

Dark  Adaptation 

labels  - 

stroke  width,  labels  - — - - 

Data 

annotation,  graphic  displays 

anthropometric  - - 

change,  keyboard 


5. 5. 6. 2 

123 

5. 5. 5. 9 

123 

5.15.3.6.22 

260 

5.6.2 

129 

S. 15.2.2.9 

250 

30B 


MIL-STD-14720 


INDEX 

Paragraph  Page 

definition - - — — - - — — — - — 3.12  10 

display,  control  input  (interactive  control)  - -  5.15.4.1.15  266 

display,  definition - - — - - - - 3.13  10 

display,  user-eonputer  interlace - — — — — - - - *  5.15.3  252 

entry,  definition  - — - - — - —  3.14  10 

entry,  flexible - - — - — - — -  5.15.4.3.13  26B 

field,  definition  — - — - — — - 3.15  10 

highlighting,  graphic  displays - - - — ----- - — —  5.15.3.6.20  260 

itea,  definition  — — — — — — . — - — - — - - - — -  3.I6  10 

nutations,  anthropometric  - - — - - - - 5.6.3. 1  143 

manipulation,  interactive  control - - — — — —  5.15.4.1.11  265 

protection,  definition  - - — — — —  3.17  10 

protection,  xiser-oomputer  interface  — - — — — .  5.15.8  273 

requirements - — - - - - — — — - -  6.2  270 

security  - - - - - - - — - - 5.  IS. 0.13  275 

tabular . - .  5.15.3.5  257 

use  of,  anthropometric  ——————— - -  5.6.3  143 

Data  and  message  transmission  - - -  5.15.11  277 

addresses - - - - - - -  5.15.11.7  278  . 

address  directory  — — — - - — 5.15.11.7.2  278 

aids  for  directory  search  — - - -  5.15.11.7.3  278 

consistent  procedures - — - - -  5.15.11.2  277 

functional  Integration - —  5. IS.  11.1  277 

incorporate  existing  files  - — - — — - - -  5.15.11.6  277 

interrupt . - . . . . .  5.15.11.4  277 

minimal  memory  load  on  users  6.16.11.3  277 

prompting  address  entry  — — - - 5.15.11.7,1  270 

stored  message  forms  — - — — 5.15.11.5  277 

Data  entry,  uscr*eomputer  interface  5.15.2  248 

abbreviatldns,  mnemonics,  and  codes  5.16.2.1.0  240 

change  of  data - —  5.16.2.1.11  240 

control  - - - 6.15,2.1.0.1  248 

consistent  positioning - — - - - -  5.15.2.1.8,5  240 

cursors  - - - -  S.IS.2-.1.0  246 

data  entry  display  — - - -  5.18.2.1.13  240 

display  . .  5.15.2.1.8.2  248 

explicit  action - - - - - - — - — -  5.18.2.1.4  248 

explicit  activation  - — - - — ► — » — — — 5,15.2.1.8.4  240 

explicit  delete  action - - - -  5.18.2.1.10  240 

general  - - - - - - 5.15.2.1  248 

home  position - - — — - - - — -  5.15.2.1.6.3  240 

input  units - - - - -  5.18.2.1.7  248 

keyboard  cursor  control  — * - - -  5.15,2.1.8.6  249 

movesMnt  relationships  - - - - - - - - -  6.15.2.1.0.7  249 

positive  feedback  - - - - - - — - -  5.15.2.1.2  248 

processing  delay  — - — - - - - - -  5.15.2.1.3  248 

single  Mthod  of  data  entry  — - - — — - S.lS.2.1.12  240 

softmare-'available  data - - - -  5,15.2.1.6  240 

user-pacing  manual  - - - - 5.15.2.1.1  248 

validation  - - - - - - - -  5.  IS. 2. 1.5  248 

Data  organization ,  query  language 


309 


MiL-iTu-i4/£;u 


INDEX 


coherent  representation  of - * - *  — 

natural - - - 

Data  security  - 

automated  security  measures - — 

changing  passwords - — 

choice  of  passwords  - 

display  of  simulated  data  - 

displayed  security  classification  - 

segregating  real  from  simulated  data  - - 

user  identification  - - - — - — 

warning  threats  to  security - “- 

Daylight,  optical  instruments  - -- 

dB(A),  definition  - 

Dead  awtn  controls  - - — - - — - 

Decibel  (dB) ,  definition  - 

De-emphasis 

definition  - - - - - — - - 

use  of - - - - - 

Default  functions,  reprograsmable  or  inactive  >- 

Default  value  - - - — - - - — -- — - 

Defaults,  user-computer  interface  - 

default  eubstitution  - - 

defaults  for  sequential  entries  - - — -- — 

user  oonfirwation  — 

user  selection 
workload  reduction - 

Definition  of  macro  commands,  user  - — ----- 

Dof ini tions  - - - - - - 

Definitions,  prompts 

Delay,  log'on  (user-computer  interface)  — — 
Delicate  items,  design  for  maintainer  --------- 

Delivery  ctyle,  verbal  signals  - - - - 

Depth,  work  aree  - — — - - - - - - 

Depth  diBMneione.  body  - - - — --- — - — 

Derivation  of  graphic  data,  computer - ---- 

Design 

controls,  ground/shipboard  vehicles  — - - -- 

control/dleplay  integration  - ----------- 

errorproof  - — - - ------ 

facility  - - - - - - 

nodular  . — ------ — - - - - — - 

workspace - ^---- 

Dtelgn  for  electromagnetic  pulee  (EMP)  hardning 

Design  for  maintainer - - - * - - - 

assembly  and  disaseembly - - - - 

clothing  eonetralnts - — 

errorproof  design  - - - - 

general  — - - — 

malfunction  identlf icstion  — ---- — - - -- 

modular  replacement  -- — - - - 

separate  adjustabi  lity  . 


310 


Paragraph 

Page 

5. 15. i. 7, 3 

270^ 

5.15.4.7.2 

270^ 

5.15.8.13 

275 

5. 15.8.13.1 

275 

5.  IS. 6. 13.6 

275 

5.15.8.13.7 

275 

5.15.8. 13.4 

275 

5.15.8.13.5 

275 

5. 15.8.13.3 

275 

S.  15.8.13.8 

275 

5.15.8.13.2 

275 

5.11.3.7.2 

217 

3. IB 

10 

5. 4. 1.8. 5 

73 

3.18 

10 

3-20 

10 

5. 3. 8. 3 

63 

5.15.2.4.3 

251 

3.21 

10 

5, 15.7 

273 

5.15.7,3 

273 

5.15.7.4 

273 

5.15.7.5 

273 

5.15.7.2 

273 

5.15.7.1 

273^ 

5.15.4,5.10 

26^ 

3. 

5.15.6.5 

272 

5.15.1.5.3 

247 

5. 0.2. 3 

184 

5, 3. 5. 3. 2 

60 

5. 7. 1.3.1 

145 

5.6.2 

129 

5.15.3.6.16 

260 

5.12.3. 1 

aon 

a»  a*  w 

5. 1.1. 2 

21 

5.0. 1 .6 

163 

5. 8. 3. 4 

177 

5.11.3.18.1 

221 

5.7 

145 

4.11 

19 

5.9 

183 

5.0. 1.6 

183 

5.9. 1.7 

183 

5.0. 1 .8 

163 

5.9.1 

183 

5. 9. 1.5 

183 

5. 9. 1. 3 

183 

5.9. 1.4 

183 

MIL-STD-1472D 

INDEX 


Paragraph  Page 


special  tools  - 

standardization  - 

Design  for  NBC  survivability  - 

Design  of  equipnent  for  renote  handling  - 

Design  of  label  characters - - - - 

black  characters  - 

capital  vs  lower  case  ->-•-> — 
character  height  and  viewing  distance 

character  spacing - - - - - - 

dark  adaptation  - 

labels  - 

label  size  vs  luminance - - - - 

legends  - 

letter  width  — - - - - 

line  spacing - - 

numeral  width - - - 

placards  - - - 

signs  - 

stroke  width,  dark  adaption  - - ------ 

stroke  width,  normal  — - — - — - - 

stroke  width,  transillusiinated  characters 

style - - - 

wide  characters  ------ — _ _ _ 

word  spacing - — - - 

Destructive  cosuHnds,  coimand  language  ----- 
Detailed  requirements 

Detection,  early  (error  management)  - 

Detent  Controls 

general  - - 

thumbwheel 

push-pull . . — . . 

Devices,  selection . - . - . 

Diagnostic  information,  error  management  ---• 

Dialogue,  definition  - 

Dialogue  type,  interactive  control  ---- — --- 

Diameter,  tunnel  (ingress  &  egress)  . 

Dichotic,  definition 

Dichotic  Presentation,  audio  signals  — ------ 

Dimensional  units,  form  filling  - - - — 

Dimensions 

adjustable,  anthroposwtric 

arm  access  - - - - 

bail  Control  - - - - - - 

breadth,  body  - - - 

circumference,  body  - - - 

Circuit  breeker,  and  sparations  - - - — 

clearance  -- — - — — - - 

console,  standard  — --- — - - 

console,  horizontal  wrap-around  ---------- 

console,  vision  over  top  — - - - — ----  — 

cranks  --------  —  _ _ _ 


5.9. 1.2 

5.9. 1.1 

4.10 

5.10 
5.5.5 

5.5.5. 1 

5. 5. 5. 4 
5.5.5.15 

5.5.5.11 

5. 5. 5. 2 

5. 5. 5. 4.1 
5.5.5.14 

5 . 5 . 5 . 4 . 2 

5. 5. 5. 5 
5.5.5.13 

5.5. 5.6 

5. 5. 5. 4. 3 

5. 5. 5. 4. 4 

5. 5. 5. 9 
5. 5. 5. 8 

5.5.5.10 
5. 5. 5. 3 

5. 5. 5. 7 

5.5.5.12 

5.15.4.5.12 
5. 

5.15.8.2 


5. 4. 1.1.4 
5. 4. 2. 1.3, 8 

5. 4. 3. 1.8.4 

5.15.4.2.2.1 
5.15.8.7 

3.22 

S. 15.4.  1 ,9 

5.14.3.3.1 

3.23 

5. 3. 4. 2. 3 
5.15.4.3. 10 


5. 6. 3. 4 

5. 9. 9. 5. 1.2 

5. 4. 3. 2. 4. 4 

5.6. 2 

5.6. 2 

5.9.17.2,5 

5.6.3. 2 
5.7.5.  1 

5.7.6. 1.4 

5.7.6. 1.3 

5. 4. 2. 2. 4. 3 


163 

163 

19 

211 

123 

123 

123 

124 
124 
123 

123 

124 
123 

123 

124 
123 
123 
123 
123 

123 

124 
123 

123 

124 
270 

21 

273 

67 

79 

101 

266 

274 
11 

265 

242 

11 

58 

268 

143 

187 

111 

129 

129 

209 

143 

153 

153 

163 

66 


311 


MIL-STD-14720 

mm 


depth,  body - - - - - 

ey«cup  and  eyepiece  - - — - - 

face - - - - - . - -- 

finger  operated  diaplacement  joysticks  - 

finger  operated  isoiaetric  joysticks - * — — 

fixed- ladder  - - - 

foot - - - 

foot  operated  switches  - - - - - 

free-Boving  XY  controller  - 

ganged  control  knobs - - - 

grid-and-stylxts  devices  — - - - - - - 

hand - - - - - -• 

hand  access - - - - - - - 

hand  operated  displacement  joysticks  - 

band  operated  isometric  joysticks  — - - 

handle  - - - - - 

handwheels - - - - - - - 

hatches  - - - 

bead - - - - - - - - - 

keyboard - - - - - - - 

key  operated  switches  — - - - - -- 

knobs  - - - - - - -  - - 

legend  switches - - - - - 7 - 

levers  -------- — - - — - - 

light  pen  — — - - - 

light  pen,  tiMitr’’COBputer  interface - 

limiting,  anthropometric - 

miniature  controls  - - ........ 

pedals  — - - - - - 

printed  circuit  (PC)  switch  controls 
push  buttons 

push’pull  controls  —  - - — .. 

reach  access - - - -  —  - - 

remove  and  replace  - - - — - - - - - 

rocker  switches  - - - - 

rotary  swithes  - - - - : - 

seated  body  - - - - - 

seating,  ground/shipboard  vehicles  - — 

slide  switch  — - - - 

stair  — . . . . . . . . . 

standing  body - - — - - — 

standard  console - - - - — - - - - 

surface,  body - - - 

thumbtip/fingertip  operated  displacement  joysticks 
thumbtip/f ingertip  operated  isometric  joysticks  -- 
thumbwheel,  continuous 

thuabwbee  1 ,  discrete  - - - - - - - - - 

toggle  switch - - - - - 

tool  access  - - - - - — ........ - - 

toucb-screen  controls  for  displays  * - - - 

vehicle  operator's  seat  — - - -- 


Paragraph 

Page 

5.6.2 

129 

5.U.3.H.1 

210l 

5.6.2 

129^ 

5. 4. 3. 2. 2. 2. 3 

108 

5. 4. 3. 2. 3. 2. 3 

lOS 

5. 7. 7. 4 

150 

5.6.2 

129 

5. 4. 3. 1.2. 3 

92 

5, 4. 3. 2. 6. 3 

114 

5. 4. 2. 2. 2. 2 

61 

5. 4. 3. 2. 5. 3 

113 

5.6.2 

129 

5. 8. 8. 5. 1.2 

187 

5. 4. 3. 2, 2. 1.3 

107 

5. 4. 3. 2. 3. 1.3 

109 

5.9.11.5.5 

203 

5. 4. 2. 2. 5. 5 

66 

5. 7. a. 2. 3 

163 

5.6.2 

129 

5.4.3. 1.3.3 

92 

5. 4. 2.1 .2.2 

77 

5. 4. 2. 2. 1.2 

61 

5.4.3. 1.5.1 

97 

5. 4. 3. 2. 1.5 

105 

5. 4. 3. 2. 7. 3 

114 

5.15.2.5.2 

251 

5. 6. 3. 3 

14^ 

5. 4. 5. 2 

izm 

S. 4. 3. 2. 8. 7 

lie 

5. 4. 3. 1.0. 2 

104 

5.4.3. 1. 1,5 

66 

5.4. 3.1.6. 2 

101 

5. 9. 0.6. 1.2 

187 

5. 9. 9. 5. 1.4 

190 

5.4.3. 1.6.4 

99 

5.4.2. 1.  1.7 

75 

5.6.2 

129 

5.12.2.1 

223 

5. 4. 3. 1.7. 3 

09 

5. 7. 7. 2 

156 

S.6.2 

120 

5.7.5. 1 

153 

5.6.2 

120 

5. 4. 3. 2. 2.3,3 

loe 

5.4. 3. 2. 3. 3. 3 

106 

5. 4. 2. 2. 3. 4 

84 

5,4.2. 1,3.7 

79 

5.4.3. 1.4.3 

94 

5. 0.0. 5.  1.3 

10? 

5.4.6. 4 

U9 

5.12.2. 1 

223 

312 


MIL-STD-147?D 

INDEX 

Paragraph  Page 

work  space,  crew  coi^iartnent  -  5.14.2.3  241 

Diming,  illuainated  tight*  and  reticle*  - 5.11.3.12.3  216 

Diode*,  light  emitting  (LEDs)  - - - - - 5. 2. 6. 7  51 

Direct  function  call,  aenu  selection  - -  5.15.4.2.6  267 

Direct  linkage,  control/diaplay  integration  -  5. 1.3. 7  24 

Direct  viewing,  remote  handling  -  5.10.4.2  212 

Direction  of  contrast - — — — — 5. 2. 6, 6. 4 .3.2  51 

Direction  of  aovement 

control*  - - — - - - - — - - 5.4. 1.2  67 

control/display  integration - —  5.1.3.11  24 

counter - - - - - -  5. 2. 6. 2. 4  47 

handvAeel*  — - — — — — - - - - - - - 5. 4. 2. 2. 5.  4  06 

putb-pull  control* - - - — - - - -  5. 4. 3. 1.6. 6  104 

tbuabwdieel ,  discrete - - - - - - - -  5.4.2. 1.3.4  78 

aero  position,  circular  scale*  -  S.2.3.2.3.2  41 

aero  position,  curved,  boriaontal  It  vertical  scale*  5-.2.3.2.4.2  42 

Direction  of  aovement.  control*  — — 5.4. 1.2  67 

consistency  of  aovement  — — — — — — — — — — — — —  5.4. 1.2.1  67 

aultidiaensional  operation  - * - —  5.4. 1.2.2  67 

operator-control  orientation  -- — - - - — - - 5.4. 1.2.3  67 

valve  controls  — — — - - - - - — - -  5.4. 1.2.4  67 

Directional  controllers  - - - - -  5.15.2.6  252 

actuation/deactuation  — — - - -  5.15.2.6.2  252 

us#  . - . — —  S. 15.2.6.1  252 

Directory 

address  .  5.15.11,7.2  278 

search,  aids  for  - - - - -  5.15.11.7.3  278 

Disasseably  and  adapters,  connectors  -----------------  5.9.14.12  207 

Disassembly ,  equipaent  - - 5.0. 1.6  183 

Discomfort,  audio  signals  5. 3. 3. 2. 3  58 

Disconnect,  reaote  handling  equipaent  ------- — - - -  5.10.1,2  211 

plugs,  use  of  quick  — - — — — --- — - - - 5.9. 14. 1  206 

Discrete  linear  controls  - - — — - - - — - - -  5.4.3. 1  66 

Discrete  push-pull  control* - 5,4.3. 1. a  101 

application  - - - -  5.4.3. 1.6. 1  lOl 

detent*  . - . - . 5. 4. 3. 1.8. 4  101 

direction  of  control  motion - - - 6.4.3. 1.6.6  104 

handle  diaensions .displacement  and  clearance*  -  5.4.3. 1.6.2  101 

r**l*tanc*  - - - - - - - — - - - -  5.4.3. 1.6.7  104 

rotation  .  5.4.3. 1.8.3  101 

snagging  and  inadvertant  contact  — -  —  - - — -----  S. 4. 3. 1.8,5  10 1 

Oiserste  rotary  controls  ------ — - - —  5.4.2. 1  74 

Discrete  thumbwheel  controls  - - - - - - 5.4.2. 1.3  77 

application . - .  5.4.2. 1.3.  I  77 

coding  . . - .  5.4.2. 1.3.3  70 

diaensions - - - - - - . .  5.4.2.  1.3.7  79 

direction  of  aoveaent  — - — - — - — --- — ---------  5.4.2. 1.3.4  70 

esternal  illuminance - - - * - - 5.4.2. 1 .3.5.2  79 

internal  llluainance  - - - - 5.4.2. 1 .3.5. 1  70 

nuawrals - - - - — -  —  -  —  - - - - - - — -  5.4.2.  1.3.5  79 

resistance  - *  S. 4. 2. 1.3.8  79 


313 


MIL-ST0-1472D 

INDEX 


separation - ------ 

shape  - 

visibility  - 

Discriminability  - - - - - - - — ---- 

action  se<«ent  - - — - - 

coding  - 

critical  signals  — - - - - 

differentiation  from  routine  signals  — — ---- — 

prohibited  types  of  signals  - - - 

use  of  different  characteristics  - — - - 

Displaceaent 

foot  operated  push  buttons - - - - - 

handirtteels - - - — - 

key  operated  switches  — - - - - 

keyboard - - - - - - — - - * - 

legend  switches  - - 

levers  — — - - - 

miniature  cpntrole  - - - - - 

pedals - — — — - - — — - - 

push  button  — — - — - - — - 

push'pull  controls  - - - 

rotary  switches  — ---- — - - — --- 

slide  switch - - - - -—7 - 

Displacement  joysticks  (isotonic  joystick)  — - — - - 

diasnsions,  resistance,  &  clearance  (finger  operated) 
dimensions,  resistsncs,  &  clearance  (hand  operated) 
dimensions,  resistance,  &  clearance  (thumb  operated)  ' 

dynamic  characteristice  (finger  operated)  — . . 

dynamic  characteristice  (hand  operated)  - - 

dynemie  charecteristica  (th^lahtip/^ ingertip  operated) 

finger  operated - - - — -------- — 

hand  operated  - - - 

tbumbtip/fingertip  operated  - - — - — - 

specific  uee,  finger  operated - - 

specific  uee,  hand  operated  ----- — - - — - 

specific  use,  thumbtip/f ingertip  operated  - 

Display 

arrangsment  consistency  - - - — ------ 

audio  - - - - 

audio,  user-'coaputer  interface  — - - 

auto.Biatic  log-on,  user-computer  interface  - 

cathode  rey  tube  (CRT) - - — - - - 

circuit  failure  — - - - - - - 

complexity  and  precision  - - - - — ---  — 

composite  sealar/pictoriat  - - - 

concurrent,  interactive  control  - - - - 

content  •• — - - - — - - - - 

contrast  - - - - - - - - - 

control  of  displayed  information  - - - — - - -- 

control  movement  ratio - - - 

cursors - - - - — — - - - — - - 


Paragraph 

Page 

5. 4. 2. 1,3. 9 
5.4.2. 1.3.2 

5. 4. 2, 1.3. 6 

79 

5.3. 4.3 

50 

6. 3. 4. 3. 4 

59 

5. 3. 4. 3. 2 

59 

5. 3. 4. 3. 3 

59 

5. 3. 4. 3. 5 

59 

5. 3. 4. 3. 6 

59 

5. 3. 4. 3.1 

58 

5. 4. 3. 1.2. 3 

92 

5. 4, 2. 2. 5. 5 

86 

5. 4. 2. 1.2. 2 

77 

5. 4. 3. 1.3. 3 

92 

5. 4. 3. 1.5.  1 

97 

5. 4. 3. 2. 1.7 

105 

5.4. 5.2 

120 

5. 4. 3. 2. 8. 7 

116 

5. 4. 3. 1.1. 5 

B8 

5. 4. 3. 1.8. 2 

101 

5. 4. 2. 1.1. 7 

75 

5. 4. 3. 1.7. 3 

09 

5. 4. 3. 2. 2 

105 

5. 4. 3. 2. 2. 2. 3 
5. 4. 3. 2. 2.  1.3 

5. 4. 3. 2. 2. 3. 3 
5. 4. 3. 2. 2. 2.2 

108 

107^ 

loW 

5. 4. 3. 2. 2.  1.2 

107 

5. 4. 3. 2. 2. 3. 2 

106 

5. 4. 3. 2. 2. 2 

107 

5. 4. 3. 2. 2.  1 

107 

5. 4. 3. 2. 2. 3 

108 

5.4,3.2.2.2. 1 

100 

5. 4. 3. 2. 2.  I  .1 

107 

5. 4. 3. 2. 2. 3.1 

108 

5.2.  1.4.10 

32 

5.3 

55 

5.15.3.8 

233 

5.15.1.5.1 

247 

5.2.4 

44 

5.2. 1.3.7 

28 

5.1.  1.3 

21 

5. 2. 3. 3. 7 

44 

5.15.4.  1.6 

265 

5,2. 1.3. 1 

28 

5.2. 1.2.3 

27 

5. 2. 5. 5 

46 

5.1.4 

24 

5.15.2.1.8.2 

248 

MIL-STD-1472D 


IHDEX 

Paragraph  Page 

. - . 5. 1.1. 2  21 

digital,  nuaaric  - - -  5.2.1.3.13  29 

dot  oatrix/aegaented  -  5. 2.6.8  52 

electroluBi nascent  -  5. 2. 6. 9  53 

emergency  use - 5. 1.2. 3. 8  23 

failure  clarity - - - - - 5.2. 1.3.6  28 

Irntze . - . - .  5.15.3.4.3  256 

. - . - .  5.15.3.6  258 

grouping  . .  5.2. 1.4.6  29 

head-up . . .  5.14.1.1.5  239 

illumination  — - - - - 5.2. 1.2.1  27 

illumination  and  light  distribution  -  5.2. 1,2  27 

importance  -  5.21.4.8  32 

information  density  — — - — - —  5.15.3.2.2  254 

labeling  - - - 5. 5. 6. 2. 3  126 

large  screen - - - 5.2,5  45 

light  distribution'--*—— — - - - — 5.2. 1.2.2  27 

lighting - — . . . . S.0.2  169 

maintenance .  lights  — - - -  5. 2. 2. 1.8  34 

movement,  range  of  . —  5. 1.4.2  25 

moving  tape - 3. 3. 6  44 

multiple,  control/display  Integration  —  5. 1.2. 3. 4  23 

MBC  contamination  5.2.1.3.12  29 

optical  projection  - - — - - - - -  5. 2. 6. 6  50 

other  5,2.6  47 

physical  interruption  of  view  — — - — - - 5. 2. 5. 4  46 

position  relationships - 5.1.2  21 

print,  bard  copy . .  277 

segmented . - . . . . 8  52 

simultaneous  use . 3  23 

standard,  prompts  — — . . .  5.15.6.2  272 

status,  variable  function  keys  - - — 5,15.2.4.2  251 

. - . . . 5.2.6.B.9  53 

. . . .  23 

timely,  keyboard . - .  5.15.2.2.3  250 

transiiluminated  - - - - ....  5,2.2  32 

update  rate  . . . — — .  5.15.3.4.2  256 

visual  - - - - - - - - -  5  2  27 

Display  coding,  user-computer  interface  —  5.15.3  3  255 

brightness  .  S.15.3^3.3  255 

brightness  inversion  — . — — .  5.15.3.3.9  256 

.  5.15.3.3.7  256 

flash  5.15.3.3,2  255 

marksrs  close  to  words  marked - - -  5.15.3.3.6.2  256 

pattern  and  location  - - - — 5.15.3.3.4  255 

••’•P*  .  5.15.3.3.0  256 

special  symbols . . . . . 5.16.3.3.6.1  256 

symbol  and  size - - - S. IS. 3. 3. 6  256 

underlining  - - — - - - -  5.15.3.3.5  255 

use  - - - 5.15.3.3.1  255 

Display  content,  user-oomputer  interface  - - -  5.15.3.2  254 


315 


MlL-ijTD-i47;iU 


IKDEX 


abbreviation*  and  acronyms - — 

context  for  displayed  data  - 

crowded  display# - — - - - - — 

data  entry  and  display  consistency  - 

information  density  - * - 

related  data  on  same  page  - 

standardisation  - 

Display  format,  definition  - 

Display  format,  user-computer  interface  - 

command  entry,  prompts,  messages  at  bottom  -- 

comparative  data  field#  - 

consistency  - 

criticality - - — — — - * - - — 

data  grouped  by  frequency  - 

data  grouped  by  function  - - - 

data  grouped  by  importance  - 

data  group  labels - - - 

data  separation - - - - - 

display  title - - - - — 

extended  alpbanusMrics  — — — — — --- — - - 

frasM  Identification - — — - 

labels  and  title#  — — — — - — — — ----- — -- 

order  and  sequences - - - - — — • — 

page  numbering  — 

readily  usable  forms  - - 

recurring  data  fields  - - — — ------ 

scrolling . . - 

Display  illumination  and  light  distribution 

contrast  — - — - — - - 

display  illumination  ------ — 

flsld  us*  panel  dimming  — - — - 

light  distribution - 

night  vision  device  compatibility  - - — --- 

norstal 
Display  of 

differenoeSt  direct  - - - 

erroneous  entries - - — - - - — *■- 

scale  - - - — 

simulated  data  - - — - - - - 

Display  placement 

seated,  normal  - - - - — - ----- 

seated,  special  - 

standing,  noreml  - - - - - - - 

etanding,  epectal  - - - 

Display  window,  text/program  editing  — - - --- 

Display,  visual  warning 

seated  coneoles  (vision  over  top)  --- — - * 

us*  with  audio  eignml  -- — - - 

Displayed 

attributes,  selecting  from  - - - - -- 

as  printed,  text  — - - - 


Paragraph 

Page 

5.15.3.2.3 

255^ 

5.15.3.2.5 

255^ 

5.15.3.2.2.1 

254 

5.15.3.2.4 

255 

5.15.3.2.2 

254 

5.15.3.2.2.2 

255 

5.15.3.2.1 

254 

3.24 

11 

5.15.3.1 

252 

5.15.3.1.9.2 

253 

5. IS. 3. 1.8 

253 

5. 15.3.1.1 

252 

5.15.3.1.2 

252 

5.15.3.1.4.3 

253 

5. 15.3.1.4.2 

253 

5.15.3.1.4.1 

253 

5.15.3.1.10 

253 

5.15.3.1.5 

253 

5.15.3.1.9.1 

253 

5.15.3.1.7 

253 

5.15.3.1. 13 

264 

5.15.3.1.9 

253 

5. 15.3.1.4 

253 

5.15.3.1.12 

254 

5.15.3.1.3 

252 

5. 15.3.1.6 

253^ 

5.15.3.1.11 

6. 2. 1.2 

27W 

5.2. 1.2.3 

27 

5. 2. 1.2.1 

27 

5. 2. 1.2. 1.3 

27 

5. 2. 1.2. 2 

27 

5.2. 1.2. 1.2 

27 

5. 2.1. 2.1.1 

27 

5. 15.3.6.29 

261 

5.15.8.11 

274 

5.15.3.6.25 

260 

5. 15.6.13.4 

275 

5. 7. 3. 6 

147 

5.7.3, 7 

147 

5. 7. 2. 2 

146 

5. 7. 2. 3 

146 

5. 15.3.7.3 

261 

5. 7. 3. 8 

147 

5.3. 1.7 

55 

5. 15.3.6.10 

258 

S. IS. 3. 7.  12 

262 

MIL-5TD-1472U 

IRDEX 


location,  cotnaand  language - 

security  classification  - - - 

Displaying  current  attributes  - 

Distance 

control  spacing - - - - - - 

aaxisKiB  viewing,  displays . . 

ffliniBua  viewing,  displays  - 

viewing.  CBT  - 

viewing,  character  height  - 

viewing,  large  screen  displays 

Distinctive  and  informative  labels,  tabular  data  - 

Distinctive  cursor,  graphic  displays  - - ... 

Distinctiveness,  comBand  language  - - - - 

Distinctiveness  of  fields,  form  fillins  — — — — _ 

Distribution 

light  (optical  projection  displays) 

•fork  load,  controls  _ ..... _ 

Division,  panel  (console)  _ ............ _ 

Doors 

emergency,  safety  - - - - 

Ingreaa  and  egress - — — - 

jaBUBlhg,  aerospace  vehicles  — — — _ _ 

Doors,  aerospace  vehicles _ _ _ ........ _ ..IIII 

jamming  ---- — - - 

latches  - - —"*-—————.-.—.-111111111 

Dot  matrix/segmented  displays - —.—I—— III 

Alphanumsrie  character  and  symbol  sice  . II 

display  testing . . . . 

emitter  color  ..I. 

general  * . *“*-—-——————-—.-—..11111111 

intensity  control  • — - - ....... _ _ 

use _ _ _ _ _ 

use  of  upper  cast  — - - ... _ 

viewing  angle  _ IIIIIIIIIIII 

Drain  valves,  vehicles - - IIIIIII 

Drawing  figures,  graphic  displays . I.IIIIII 

Drawing  lines,  graphic  displays . . . - . 

Drawer  module  connector 

Dual  tires  - - - - - - - I.III  I*  ” 

Ouretion,  audio  warning 

display  signals - - — - - - - Ill 

limitations,  audio  warning 
Dynamic  characteristics 

ball  control  _ _ _ ..... 

finger  operated  displacement  Joysticks  _ _ _ _ - 

linger  operated  isoiwtrie  joysticks _ _ _ 

free-amoving  XY  controller - — . . . . . 

grid  and  stylus  dsvices  _ _ _ _ 

hand  operated  displacement  joysticks  — _ _ _ 


Paragraph 

Page 

—  5.15.4.5.7 

269 

—  5.15.8.13.5 

275 

--  5.15.3.6.12 

259 

—  5.4. 1.3.7 

66 

—  5.2.1.4.11 

32 

"  5.2.1.4.12 

32 

-  5. 2. 4. 2 

45 

-  5.5.5.15 

124 

-  5. 2. 5. 3 

46 

-  5,15.3.5.9 

256 

*  5.15.3.6.7 

259 

-  5.15.4.5.3 

269 

-  5.15.4.3,4 

266 

“  5. 2. 6. 6. 3 

SI 

"  5.4. 1.1.1 

07 

-  5. 7, 6. 2.1 

156 

-  5.13.4.2 

233 

“  S.7.8.1 

163 

-  5,14.3.4.1 

243 

■  5.14.3.4 

243 

•  5.14.3.4.1 

243 

■  5.14.3.4.2 

243 

5. 2. 6. 8 

52 

5, a. 6. 6.4 

52 

5. 2. 6. 8. 9 

53 

5. 2. 6. 8. 7 

52 

5. 2. 6, 8.1 

52 

5. a. 6. 8. 8 

53 

5. a. 6. 8.  ID 

53 

5. 2. 0.8. 3 

52 

S. a. 0.6.2 

52 

5. a. 0.8. 5 

52 

S.2.6.8.6 

52 

5.12.9.1.1 

230 

5. 15,3.6. le 

260 

5.  IS. 3.6. 17 

260 

5.9. 14. 10 

207 

5.12.9.2.1 

231 

5. 3. 6. 5 

62 

5.2.  1.3.9 

26 

S. 3.6.6 

52 

5. 4. 3. 2. 4. 2 

in 

5. 4. 3. 2. 2. 2. 2 

108 

5. 4. 3. 2. 3. 2. 2 

109 

5. 4. 3. 2. 0.2 

113 

5. 4. 3. 2. 5. 2 

113 

5. 4. 3. 2. 2. 1.2 

107 

317 


MIL-STD-1472D 

IHDEX 


hand  operated  xsonetric  joysticks  - - - 

light  pen - - - - — — - 

thuinbtip/f ingertip  operated  displaceewnt  joysticks  — 

thufflbtip/f ingertip  operated  isoaetric  joysticks  - * 

Dynamic  displays  - 

changing  values  - - - 

display  freeze  - - - -- 

freeze  feedback - — - — - - - - — 

update  rate - - - - - - - - — - 

Dynamic  range,  speech  transmission  equipment  - - - 


Ease  of  operation,  escape  exit - - - - - 

Easy  return  to  base* level  functions - - — - - 

Easy  storage  and  retrieval ,  graphic  displays  - 

Edge  rounding,  hazard - - - * - - 

Editing,  text/program  — — - 

Editing  commands  - — 

program  edit  comsuinds  - - - - -  —  - — - 

tab  controls  — - - - - - * — ---- 

text  edit  comaunds  - - - - 

Effects,  keystone  ---- — * - — - — — — -  —  ----- 

Effects  of 

crew  size,  shared  work  space  - - - - - - - 

variable  gravity,  shared  work  spaoo  — 

Effective  temperature,  definition  ----------------- 

Efficient  handling,  unit  design  for 
Egress  and  ingress,  personnel 

aerospace  vehicles  — 

workspace  design  — - - - — * - - — -- 

Ejsction  systems,  aerospace  vehicles  ------ — — - 

automatic  sequencing  - - - - 

clearance  — - — - — - - - - — --- — — 

control  protection  - - — - — ------- 

ejection  controls - - — - - 

safety  harnesses  — - - — - - - — - - - — 

safety  pins  and  streamers  * - ---------- 

survival  requireswnts - — — -  -------- 

Electrical,  mechanical,  fluid,  toxic  I  radiation  hazards 

Electrical  hazards  - - - - - - - - 

electrically-operated  hand  tools,  safety  - 

electronic  equipment  - - - - - 

ground  potential  - - - - 

high  voltage  — - - - — - - - - 

insulation  of  tools  ------- — ------- — - - ------ 

plugs  and  recepticales  — - - - - - 

vehicle  batteries - * - - - *  — 

voltage  exposure - - — ---- — — - — 

Electrical  labels - - * - * - - 

Electroluminescent  displays  -- — - - — * - - 


Paragraph 

Page 

5. 4. 3. 2. 3. 1.2 

109  s 

5. 4. 3. 2. 7. 2 

luf 

5. 4. 3. 2. 2. 3. 3. 

106 

5.4.3. 2.3.3. 2 

111 

5.15.3.4 

256 

5.15.3.4.1 

256 

5.15.3.4.3 

256 

5.15.3.4.4 

256 

5.15.3.4.2 

256 

5.3.7. 2 

62 

4.14.4.2.3 

244 

5.15.2.4,6 

251 

5.15.3.6. 13 

259 

5.13.5.4 

235 

5.15.3.7 

261 

5.15.3.7.4 

261 

5.15.3.7,4,2 

261 

5.15.3.7.4.3 

261 

5.15.3.7.4.1 

261 

5. 2. 6. 6. 5 

51 

5.14.2.2.3 

240 

S. 14.2.2.5 

3.25 

5.9.11 

240^ 

192^ 

5.14.3 

242 

5.7.0 

163 

5.14.4.3 

244 

S. 14.4.3.6 

245 

5.14.4.3.1 

244 

5.14.4.3.4 

245 

5. 14.4.3.3 

245 

5.14.4.3.2 

244 

S. 14.4.3.5 

245 

5.14.4.3.7 

245 

S.13.7 

235 

5.13.7.1 

235 

5.13.7.1  .6 

236 

5.13.7.1 .7 

236 

5.13.7.1.5 

236 

S.13.7. 1.4 

236 

5.13.7.1.1 

235 

5.13.7.1.2 

236 

5.13.7.1,8 

236 

5.13.7.1.3 

236 

5.13.2.6 

233 

5.2.6. B 

53 

mL-ST0-1472D 


IHDEX 

Paragraph  Page 

alphanumeric  character  and  symbol  sizes  - 5. 2. 6. 9. 2  53 

use .  5. 2. 6. 9.1  53 

Electromagnetic  pulse  (EMP)  hardning,  design  for  — - -  4.11  19 

Electronic  equipment,  electrical  hazards  -  5.13.7.1.7  236 

Electronic  tsodules,  connectors  - 5.9.14.11  207 

Elements,  selecting  graphic  - - -  5.15.3.6.10  259 

Elevators/ inclina tors  &  hydraulic-operated  work  platforms  5. 7. 7. 7  159 

Emergency 

doors  and  exits,  hazards  - - - - - -  5.13.4.2  233 

flasher  system,  and  turn  signal  - -  5.12.9.3  231 

lighting,  escape  exits  -  5.14.4,2.1  244 

use,  control /display  integration  - - - — - — - — -  5. 1.2. 3. 8  23 

Emergency  evacuation,  aerospace  vehicle  -  5,14.4  243 

cutaway  areas  -  5.14.4.1.3  243 

evacuation  aids  - -  5.14.4.1.6  244 

evacuation  tine - — - -  5.14.4.1.2  243 

exterior  protrusions  - - - - - -  5.14.4.1.5  243 

general  criteria - - - - - - 5.14.4.1  243 

handholds - * - - - - - -  5.14.4.1.7  244 

movable  articles  - —  5.14.4.1,4  243 

simplicity  . - . . . . . 5.14.4.1.1  243 

Emitter  color,  dot  aatrix/segmented  displays  - - -  5. 2. 6. 8. 7  52 

Enter,  definition  — — - - - - 3.26  11 

Entrance  pupil,  optical  instruments  and  related  equipment  5.11.3.6  217 

Entries,  control  (text/prograo  editing)  - - 5,15.3.7.5  262 

Entries,  defaults  for  sequential  — - — — — - —  5.15.7.4  273 

Entry 

form  filling  for  control,  form  filling  . .  5.15.4.3.16  263 

flexible  data,  form  filling  — -  5.15.4.3.13  260 

length  indication,  form  filling  — — .  5.15.4.3.7  268 

prompting  address,  addresses . 5.15.U.7  27q 

scries,  menu  eelection  . . . . . . 5.15.4,2.2.3  288 

Environment  — * - - — - - - - - -  g.g  jg7 

acoustic,  compatibility  - - — - - - 3. 3. 4. 4. 2  60 

acoustical,  compatibility  with  audio  warning  signals  -  5. 3. 3. 2. I  57 

gunner,  tracking  - - - - — - . 5.11.9.1  216 

Environmental  conditions,  optical  instruments  5.11,3,16  221 

Equivalents,  metric  (definition)  - — - - — 3.45  13 

Equipment 

definition  - - - - - - - - - - 3.27  11 

design  for  remote  handling - - - - — —  5.10  2U 

direct  viewing,  remote  handling . . . 5.10.4.2  212 

electronic,  safety - - — - - - - -  5.13.7.1,7  236 

failure,  definition  . . .  . . 3.28  11 

fluid  and  fuel  servicing,  hazards - - — - - -  5.13.7.3.2  237 

functions,  labels . . . - — - - 5.5.3.  I  122 

provisions  for  hand-carrying,  stairs  and  ramps  - -  3.7.7. 1.2  156 

indication  of  failure  - . —  - - 5.9.17.1  208 

indirect  viewing,  remote  handling  - -  5.10.4.4  212 

labels,  prototype  and  production - - — - 5.5. 1.3  121 

man  tranapoptabitity  - - - 5.11.1  213 


319 


MIL-STD-14720 


IlTDEX 


optical  inatruawnts - - - - - - — — — . 

personal,  anthropometry - - — - - 

personal,  thermal  control - — — - - - 

portability  - - - - 

related  hasarda,  general - - — - — - - - 

response,  transilluminated  displays--- - ---• 

small  systems - - - — — - - — 

speech  reception,  audio  displays  — - - - — 

speech  transmission ,  audio  displays  — — — — — 

test-  — - — 

thera»l  contact  hazards  — — — - — • — 

vibration - - - - — - - - 

voice  coBHBuni cat ions,  operating  controls  — — — 

viewing,  remote  handling - 

Equipment  failure,  definition  — — - . 

Equipment  space,  personal  (tunnels)  - - - 

Equipment  labeling - - - 

general  requirements  - — — 

location - - — — - — — - — — 

other  criteria  — - - - — - — 

teraw  — — - - - - — - — - — 

units,  assemblies,  subassemblies  and  parts  - — -- 

Equipment,  viewing - - - - - 

coding  - - - - - - 

direct  viewing - - - - — 

general  ------ — — * - — — — - 

indirect  viewing - - - - - - 

lettering  - - - — — — 

stereo  viewing - - — - — — — — - 

viewing  angle - - - — 

Erroneous  input,  feedback  for  (interactive  control) 

Error  management/data  protection  — — - — — — - 

correction  entry  and  conf  Irsiation  —————— 

critical  entries  - - - - — — — — 

diagnostic  information  — — — — - — - 

display  of  erroneous  entries  — — 

early  detection - - - — - — — — 

error  correction  - - - — - - 

error  message  content  - - - - 

error  recovery  and  process  change  — — 

errors  in  stacked  commands - - — - - 

internal  software  checks  - - - 

spelling  errors  - 

Err-orproof  design  - - 

Escape  capsule,  ejection  system  —  — — - — - — 

alighting  impact  - - - — - - 

capsule  provision - , - - - - - - — - — 

flotation  - - r - 

pressurization  - - - - - - - - - — - 

Escape  exits,  emergency  evacuation  - - - - - 

control  protec*  *on  - 


Paragraph 

Page 

5.11.3 

216^ 

5. 6. 3. 5 

143^ 

5.B.1.6 

167 

5.11.1.1 

213 

5.13.5 

235 

5.2.2. 1.2 

33 

5. 11 

213 

5.3.8 

63 

5.3.7 

62 

5.9.16 

206 

5.13.4.6 

224 

5. 8. 4. 2 

180 

5.3.10 

64 

5.10.4 

211 

3.28 

11 

5.14.3.3.2 

242 

5.5.6 

124 

5.5.6. 1.1 

124 

5.5.6. 1.2 

124 

5.5.6. 1.4 

126 

5.5.6. 1.3 

126 

5.5.6. 1 

124 

5.10.4 

211 

5.10.4.5 

212 

5.10.4.2 

212 

5.10.4.1 

21 

5.10.4.4 

2lfl 

5.10.4.6 

21^ 

5.10.4.7 

212 

5.10.4.3 

212 

5.15.4.1.14 

266 

5.15.8 

273 

5.15.8.8 

274 

5.15.8.4 

273 

5.15.8.7 

274 

5.15.8.11 

274 

5.15.8.2 

273 

5.15.8.1 

273 

5.15.8.5 

274 

5.15.8.6 

274 

5. 15.8.10 

274 

5.15.8.3 

273 

5.15.8.9 

274 

5.9. 1.8 

183 

5.14.4.3.8 

245 

5. 14.4.3.8.3 

245 

5.14.4.3.8.1 

245 

5.14.4.3.8.4 

245 

5.14.4.3.8.2 

245 

5.14.4.2 

244 

5.14.4.2.5 

244 

MIL-ST0-1472D 


INDEX 


Paragraph 


Pag« 


ease  of  operation  — * - - - - - - - - 

emergency  lighting - - - 

escape  openings - - - - - - 

latch-handle  actuation - - - - - 

Evacuation,  emergency  (aerospace  vehicle)  - 

Evacuation  aids,  emergency  evacuation  - 

Evacuation  time,  emergency  evacuation  - - - 

Exclusion,  ambient  lighting  and  color-coding  - 

Existence  load - — — — — — — — — - - 

Existing  files,  incorporate  (data/nessage  transmissi 

Existing  signals,  compatibility  - — - 

Exit 

emergency,  safety  - 

escape,,  emergency  evacuation  — - - - - 

hatches,  aerospace  vehicles  - 

Exit  markings,  ingress  &  egress  - - - 

Exit  pupil,  head-up  displays - - — — - 

Exit  pupil,  optical  instrtusents  — - - - - 

daylight  - - - - - - - 

general - - — - - 

low  light  levels - - — — — — — — — — 

Explicit 

action,  data  entry  — - — - - - -~t-  — 

activation,  data  entry - - - - - - - - 

delete  action,  data  entry  - - — 

prompts  — --- — — — — — — 

Exposure,  voltage  (electrical  safety)  - - - 

Extended  alphanumerics ,  display  format  - 

Extensions 

horisontal ,  tabular  data  — - — - - - — 

unit  design  for  efficient  handling  - - 

vertical,  tabular  data  - - - — - - 

Exterior  protrusions  - - - - 

External  illuminanee  - - - - - - - - - - 

Extreme  quite  areas  - - - 

Eyecupi  and  headrests - - - - — - - - - 

compatibility  with  clothing  and  personal  equipMnt  — 

eyecups - - - - - 

headrests/browpads  - - - - — - - 

Eyepiece  adjustments,  optical  instruments  - 

4-power  and  less  — - - - — - - - — --- — 

over  4-power  - - -- 

Eyepiece  separation,  binocular/biooular  - 

Eye  relief,  optical  equipment - - — - - 


Face  dimensions  - 

Facilities,  definition  - - - — - 

Facility  design,  acoustical  noise  ----• 
attenuation  of  materials  and  layout 


—  5.14.4.2.3 

244 

—  5.14.4.2.1 

244 

--  5.14.4.2.2 

244 

“  5.14.4.2.4 

244 

—  5.14.4 

243 

--  5.14.4.1.6 

244 

--  5.14.4.1.2 

243 

—  5.4. 1.4. 5. 5 

71 

-  5.11.1 

213 

-  5.15.11.6 

277 

—  5. 3. 4. 4,1 

60 

—  5.13.4.2 

233 

-  5.14.4,2 

244 

--  5. 14. '3,1 

242 

-  5.14,3.1.1 

242 

-  5.14.1.1.5.5 

239 

-  5.11.3.7 

217 

--  5.11.3.7.2 

217 

--  5.11.3.7.1 

217 

-  5.11.3.7.3 

217 

-  5.15.2.1.4 

248 

-  5.15.2.1.8.4 

249 

-  5,15.2.1.10 

249 

-  5.18.6.3 

272 

-  5.13.7.1.3 

236 

-  5.15.3.1.7 

253 

•-  5.15.3.5.5 

257 

-  5.8.11.2 

192 

-  5.15.3.5.6.2 

257 

-  5.14.4.1.5 

243 

-  5.4.2. 1.3. 5. 2 

79 

-  5. 8. 3. 3. 5 

175 

-  5. 11.3. 14 

210 

-  5.11.3.14.3 

210 

-  5.11.3.14,1 

210 

-  5.11.3.14.2 

219 

-  5. 11.3. 9 

217 

-  5.11.3.9.1 

217 

-  5.11.3.9.2 

217 

-  5. 11.3.13.2 

210 

-  5.11.3.B 

217 

-  5.6,2 

120 

-3.20 

11 

-  5. 0.3. 4 

177 

-  5. 8. 3. 4. 2 

177 

321 


MIL-ST0-1472D 


INDEX 


gtneraX  provisions - - - 

rsduction  of  reverberation  tine 
Fail-safe  design 

defiiiition - - — - - - - - 

general  requirements  - 

Failure 

audio  displays  - - - - 

conputer,  user “computer  interface  - 

display  circuit  - 

display  clarity  - 

equipment,  definition  - 

power  steering - - 

Failure  indications  and  fuse  requirements 

computers  - - — — - - 

critical  mcilfuncticns  — — — — 
indication  of  equipnent  failure 

out-of-tolerance - - - 

power  failure - - - 

Faint  signals.  CRT - - 

False  alarms,  audio  displays  - 

False  indication/obscuration,  transilluains 

Familiarity,  labels - — — — - — * - 

Fasteners  — - - - - - - - ... 

accessibility  - - - - 

captive - - — — — - - - ... 

common  - - 

general  - - - 

bead  type 
high  torque 

binges  and  tonguc-and-slot  catches 
low  torque  ------------- — 

number  of  turns  _ 

quantity  - - - - - - ... _ 

remote  handling  equipment  ------------ 

torque  labeling - - 

Feedback 

controi/display  integration  - - 

Used  function  keys  . 

foot-operated  switches  - . . . 

for  correct  input,  interactive  control  - 
for  erroneous  input,  interactive  control 

freeze  mode,  dynamic  displays  . 

keyboards 

ligbtpen - - - ..... — _ _ _ 

log-on,  user-computer  interface  - - -■ 

positive,  user-computer  Interface  - 

**emote  handling  equipment  - — 

Feedback,  user-computer  interface  . . 

current  modes  — - - ... 

feedback  message  content  . 


Paragraph 

Pag< 

"  5. 8. 3. 4.1 

.1 

5. 8. 3. 4. 3 

177 

3.30 

11 

->  4.5 

19 

"  5.3. 1.4 

55 

--  5.15.1.7 

247 

-  5.2. 1.3.7 

28 

-  5.2. 1.3.6 

28 

-  3.28 

11 

-  5. 4. 2. 2. S. 7 

88 

-  5.9.17 

208 

*  5.9.17.1.5 

208 

*  5.9.17.1.3 

208 

*  5.9.17.1 

208 

*  5.9.17.1.2 

208 

-  5.9.17.1.1 

206 

“  5. 2. 4. 4 

45 

-  5.3. 1.3 

55 

-  5.2.2.1.11 

34 

5. 5. 4. 2 

122 

5.9.10 

191 

5.9.10.6 

-  5.9.10.3 

•  5.9.10.5.3 

i9i 

•  5.9.10.1 

191 

•  5.9.10.5 

191 

•  5.9.10.5.1 

191 

-  5.9.10.2 

191 

-  5.9.10.5.2 

191 

-  5.9.10.7 

192 

-  5.9.10.4 

191 

-  5.10.1.3 

211 

•  5.9.10.6 

192 

•  5. 1.1.4 

21 

‘  5.15.2.3.8 

251 

■  5.4.3. 1,2.4 

92 

5. IS. 4. 1.13 

265 

5.15.4.1.14 

266 

5.15.3.4.4 

256 

5.4.3. 1.3.6 

94 

5.15.2.5.4 

252 

5.15.1.5.2 

247 

5,15.2.1.2 

248 

5.10.2 

211 

5,15.5 

271 

5.15.5.6 

271 

5. 15.5.8 

i 

322 


MIL-STD-1472D 


INDEX 

Par«gr»ph  Pag« 

highlighted  option  selection  - - - - -  5.15.5.6  271 

input  confirmation - - - - - * -  5.15.5.4  271 

process  outcome  - - - -  5.15.5.3  271 

stand-by - - -  5.15.6.2  271 

time-consuming  processes  -  5.15.5.6  272 

use  .  5.15.5.1  271 

user  input  rejection  -  5.15.5.7  271 

Field 

definition  - —  3.31  11 

visual  (vehicle  visibility)  - - — ” —  5.12.5.2  227 

Field  of  view 

head-up  displays - - - - -  5.14.1.1.5.4  239 

optical  equipment  - - - - - - 5.11.3.5  217 

Field  use  panel  dimming  (panel  illumination)  - - 5.2. 1.2. 1.3  27 

Fields 

comparative  data - - - 5.15.3.1.8  253 

distinctiveness  of,  form  filling  - - - — ------ — ---  5.15.4.3.4  266 

labels,  form  filling - - - - - -  5.15.4.3.5  260 

recurring  data - - - - - - - -  5.15.3.1.6  253 

Fighting  load . - .  5.11.1  213 

Figures,  drawing  - - - — - - - -  5.15.3.6.18  260 

File 

definition  — - - - - - - - - - - -  3.32  11 

head-  and  foot*of  ------ — - - - - 5.15.3.7.15  263 

Files,  incorporate  existing  - - - - - — -------  5.15.11.6  277 

Filtering,  speech  reception - - - 5. 3. 8. 2. 2  63 

Filters,  optical  instruments  - - - - 5.11.3.15.1  219 

general  — - - - - 5. 11,3.15. 1 . 1  219 

use  .  5.11.3.15.1,2  210 

Filters,  automotive  subsystems  ------------------------  5.12.9.1.2  230 

Fine  setting  knob,  control  display  movement  ratio  - - -  5. 1.4.4  25 

Finger  operated  displacement  joysticks  - - -  5. 4. 3. 2. 2. 2  107 

dimensions,  resistance  and  clearances  -  5. 4. 3. 2. 2. 2. 3  106 

dynamic  characteristics  --------- — - - -  5. 4. 3. 2. 2. 2. 2  100 

specific  uses  - -  b.4.3,2.2.2. 1  106 

Finger  operated  isometric  Joysticks - — --  5. 4. 3. 2. 3. 2  109 

dimensions,  resistance  and  clearances  - - — -  5.4. 3. 2. 3. 2. 3  109 

dynamic  characteristics  - - - - -  5. 4. 3. 2. 3. 2. 2  109 

specific  uses  - - -  —  —  ------  5. 4. 3. 2. 3. 2. 1  109 

Finger  operated  push  buttons  - - -  5.4.3. 1.1  88 

Fingertip  operated  displacement  joysticks  - - - -  5. 4. 3. 2. 2. 3  106 

dimensions,  resistance  and  clearances  — * - - - 6, 4. 3. 2. 2, 3. 3  106 

dynamic  characteristics  - - - -  5. 4. 3. 2. 2. 3. 2  108 

specific  uses  — - - - - - — - - - - 5. 4. 3. 2. 2. 3.  I  108 

Fingertip  operated  isometric  joysticks  - - —  5. 4. 3. 2. 3. 3  lOS 

dimensions,  resistance  and  clearances - - - -  5 . 4 .3. 2 . 3 .2 . 3  111 

dynamic  characteristics . . . . . . .  5. 4. 3. 2. 3. 2. 2  111 

specific  uses  - - - - - - - - -  —  ---  5 . 4 .3.2 .3,2. 1  lOS 

Finger-thumb  strength,  high-force  controls  - - 5. 4. 4. 2  IK 

Finish,  counters - - - - - - - - - 5. 2. 6. 2. 6  41 

Fixed  function  (dedioated)  keys  - - - - - - -  5.15.2,3  25( 


323 


MIL-STD-14720 

INDEX 


»ctu*tion  - - - - — - - - - - 

availability  - - - - 

feedback - * — - 

function  labels  - - - 

functional  consistency - - - - - 

group in|  - 

non-active  keys - - - 

standardisation - - - - - - - — 

, — - - - - - 

Fixed  function  keys,  interactive  control  - - - — 

Fixed  ladders  -- — - - - — - - -- 

Fixed  ladder  distensions  — — - - — - — — — — - 

Fixed  pointer 

circular  scale  - — - - - 

linear  scale  - - - - - - 

Fixed  pointer,  Moving  scale  indicators  - 

alignsMnt  of  pointer  or  fixed  reference  line  - - — 

nuBMrical  progression  — — — — — - - - 

orientation  — - - - - — - — 

Fixed  reference  line,  noving  scale  indicators  - 

Fixed-scale  indicators,  moving  pointer - - — 

Flags,  other  displays  — — — — — - — - — - 

contrast - - - - — - - — — — - * - - 

legend  - - - - 

nalfunction  indication  — — .. — 

Mounting  - - - - — - - 

snap  action  — — — — — - - - — 

test  provision  — - — - ......... 

use 

Flash,  display  coding  — ...... 

Flashing  lights,  trans illuminated  displays  — — --- 

Flexible 

data  entry,  form  filling  « — - - -- 

printing  options - - - 

Floors,  aerospace  vehicle  design - - — - 

Floor  space,  workspace  — — ------- — 

Flotation,  escape  cepsule - — - - 

Fluid,  electrical,  mechanical,  toxin  and  radiation  hazard 

Fluid  hazards  ------- — . . 

connectors - - - - - - - 

fluid  and  fuel  service  equipment 

Folding  handle,  cranks  — — - - — — - - - - 

Font  legibility,  CRT  displays - - - - 

Foot  controls 

access  tOi  aerospace  seats - - - - - - 

lifting  vehicles  - -  —  - - - - -  -  - 

high'force  controls  - - - — - - - - - 

Foot  diswnsions - - - - - - - - - - — - — 

Foot  operated  controls - - - * - - 

avoidance - - - - - 

configuration  and  plaoement  - 


334 


Paragraph 

Page 

5,15.2.3.7 

251^ 

5.15.2.3.4 

2SoB 

5.15.2.3.8 

251 

5.15.2.3.9 

251 

5.15.2.3.3 

250 

5.15.2.3.6 

251 

5. 15.2.3.5 

250 

5.15.2.3.2 

250 

5.15.2.3.1 

250 

5.15.4.4 

269 

5.7.7 

156 

5.7.7. 4 

159 

5. 1.3.5 

24 

S. 1.3.6 

24 

5. 2. 3. 3 

44 

5. 2. 3. 3. 3 

44 

5. 2. 3. 3.1 

44 

5. 2. 3. 3. 2 

44 

5. 2. 3. 3. 3 

44 

5. 2. 3. 2 

41 

5. 2. 6. 5 

49 

5. 2. 6. 5. 4 

49 

5. 2. 6. 5. 6 

SO 

5. 2. 6. 5. 5 

49 

5. 2. 6. 6. 2 

49 

5. 2. 6. 5.3 

5. 2. 6. 5. 7 

S.2.e.S.l 

49 

5.15.3.3.2 

255 

5.2.2.1.19 

35 

5.15.4.3.13 

269 

5.15.3.7.14 

262 

5.14.3.8 

243 

5.7. 1.3 

145 

5.14.4.3.8.4 

245 

5.13.7 

235 

5.13.7.3 

236 

5.13.7.3.1 

236 

S. 13.7.3.2 

237 

5. 4. 2. 2. 4. 4 

86 

5.2.4.10 

46 

5.14.2.4.5 

241 

5.12.8.4 

230 

5.4.43 

120 

5.6.2 

120 

5.4. 1.8.6 

73 

5.4. 1 .8.6.2 

73 

5.4. 1.8. 6. 4 

74 

i 

MiL-i>TD-i472D 


IKDEX 

Paragraph  Page 

operation  -  5.4. 1.8. 6. 3  74 

uae . - . .  5.4. 1.8.6. 1  73 

voice  comaunications  -  5.3.10.3  64 

Foot-operated  switches  -  5.4.3. 1.2  86 

dimensions,  resistance  and  displacement  -  5. 4. 3. 1.2. 3  92 

feedback  -  5.4.3. 1,2.4  92 

operation  - — -  5.4.3. 1.2.2  92 

use  . - . . . —  5.4.3. 1.2.1  88 

Foot  surface,  inclines,  stairs  and  ladders  * -  5.14.3.5.2  243 

Footholds  and  handholds 

aerospace  vehicles  -  5.14.3,2  242 

lifting  vehicles - - - — - -  5.12.8.8  230 

Force  limits  (also  see  Resistance) - j  4  2 

handle - - - - - -  5.9.11.5.6  203 

hatches  -  5. 7. 8. 2. 2  163 

horisontal  push  and  pull  - - - 5.9.11.4.1  194 

vertcal  push  and  pull - — — - — . —  5.9.11.4.2  195 

Fore  and  aft  adjustment,  aerospace  seats  -  5.14.2.4.2  241 

Forearm  support,  tracking  equipment  -  5.11.2,4  216 

Forklift 

vehicles - - - - - - - - -  5.12.8  229 

visibility - - - - - -  5.12.5.9  228 

Form,  readily  usable  (display  format)  - — -  5.15.3.1.3  252 

Form  filling . - .  5.15.4.3  267 

. .  5.15.4.3.6  268 

dimensional  units  5.15.4.3.10  268 

distinctiveness  of  fields . - - -  5.15.4.3,4  268 

entry  length  indication - - - - - - - -  5.15.4.3.7  268 

flexible  data  entry  .  5.16.4.3.13  268 

field  labels  .  6.16.4.3.5  268 

form  filling  for  control  entry  --------- . .  5.15.4.3,16  269 

format  and  content  conaistenoy  5.15.4.3.3  268 

grouping . - .  5.15.4.3.2  267 

informative  labels - - - -  5.15.4.3,14  268 

logical  ordsr  - - -  5.15.4.3.15  260 

non-entry  areas  .  5.15.4.3.12  268 

overwriting . - . - . . . . .  5.15.4.3.8  268 

unused  underscores  — - . . . . . . .  5.15.4.3.9  268 

.  5.15.4,3.1  267 

user  omissions - *■— — - - - - - 5.15.4.3.11  268 

Format 

consistency  — . - — - - - - —  5.15.4.2.4  266 

control,  text/program  editing  - - - - -  5.15.3.7.9  262 

display,  data  display . . . 5.15.3.1  252 

information,  visual  displays - - - 5.2. 1.3.3  28 

predefined  graphic  . . - . . . . .  5.15.3.6.15  259 

predefined,  text/program  editing - - - — -  5.15.3.7.10  262 

'’•tides  . - . S. 11. 3. 11. 3  218 

standardization,  display  content - - - - - 5.15.3.2.1  254 

vehicle  operating  Instructions - - - -  5.12.4.2  227 

Forms,  stored  message . - . - . — . —  5.15.11.5  277 


325 


MiL-5TD-i472D 

INDEX 


Fr«e-iioving  XT  control l«r  (mouflo) - — - 

application  - 

diffltnsions  and  shape - - — 

dynaadc  characteristics - - - - 

Freeze 

display  - 

feedback - . - 

Frequency,  characteristics  of  audio  warning  signals 

range - - - - - — 

spurious  signals  - 

Frequency 

audio  displays  - 

carrying,  weight - - - - - 

data  grouped  by - — 

de-esjphasis,  audio - — - - ; - — 

lifting ,  weight  - 

pre^enphasis,  audio  - — 

speech  transnission  equlpnent,  audio  - — 

Frequency  of  use,  visual  ‘displays  — — — — — - 

Frequency  range 

audio  signals  — - - - - - - - - 

speech  reception  equipment  - 

Frequently  used  text,  text/program  editing  -- — 7-— 
Function 

allocation  — —————— — - - - — ........ 

critical,  location  (indicator  lights)  — - - — 

data  grouped  by 

direct  call,  swinu  selection  ---------- — — — 

key,  definition 

key.  fixed  — -- 

key,  variable  - - 

labels,  fixed  function  keys - - - 

separate  adjustability  - — - - 

sequence  — — — — - - 

support! ve''audio  - — - - - - 

Functional 

consistency  — - - - - - 

labeling,  controls  and  displays - - - * — - — 

integration,  data  and  message  transmission 
Functional  grouping,  control/display  Integration 

access  — - - - - - - — - - 

consistency - - — - - - - — - - 

group  arrangement - * - - - - - 

group  marking - - - - - - - 

sequence  - - - — - - - - - 

Functions 

easy  return  to  base-level  - - - - 

equipment  (labels)  - 

reprogrammable  or  inactive  default  ---- — 

Puses  and  Circuit  breakers  - - 

circuit  breaker  controls  --- — 


Paragraph 

Page 

5. 4. 3. 2. 6 

113  j 

5. 4. 3. 2. 6.1 

1131 

5. 4. 3. 2. 6. 3 

114^ 

5. 4. 3, 2. 6. 2 

113 

5.15.3.4.3 

256 

5. 15.3.4.4 

256 

5.3.3. 1 

57 

5.3.3. 1.1 

57 

5.3.3. 1.2 

57 

5.15.3.8.5 

263 

5.9.11.3.6 

194 

5.15.3.1.4.3 

253 

5. 3. 8. 3 

63 

5.9.11.3.2 

193 

5. 3. 7. 4 

62 

5.3.7. 1 

62 

5.2. 1.4.8 

26 

5.3.3. 1.1 

57 

5.3.8. 1 

63 

5.15.3.7.11 

262 

4.3 

17 

5. 2. 2. 1.7 

33 

B. 15. 3. 1.4. 2 

253g 

5.15.4.2.8 

26*^ 

3.33 

11 

5,15.2.3 

250 

5.15.2.4 

251 

5.15.2.3.9 

251 

5. 9. 1.4 

183 

6.2. 1.4.7 

29 

5.15.3.0.3 

263 

5.15.2.3.3 

250 

5. 5. 6. 2. 3 

126 

5.15.11.1 

277 

5. 1.2.1 

21 

5. 1.2. 1.1.2 

22 

5.1.2. 1.1.4 

22 

5.1. 2.1.1 

2) 

5. 1.2. 1.1. 3 

22 

5.l.2,l.l.l 

22 

6.15.2.4.6 

25 1 

5.5.3, 1 

122 

S. 16.2.4.3 

251 

5.9.17.2 

206 

5.9.17.2.4 

200 

INDEX 


Paragraph  Page 


circuit  breaker  dineneiona  and  aeparations - - — - - 5.9. 17. 2. B  209 

general - * - - - - - -  5.9.17.2.1  208 

Barkings  — --•> — 5.9.17.2.3  208 

replacement  and  resetting  — - — - -  5.9.17.2.2  208 

G 

Ganged  control  knobs - - — - -  5. 4. 2. 2. 2  81 

application - — - - — - - - — - - 5. 4. 2. 2. 2.1  81 

dlaensions  and  separation - - - - - - - 5.4.2. 2.2. 2  81 

inadvertent  operation  — - - - - - - 5.4.2. 2.2.6  84 

knob/display  relationship - - - - - -  5. 4. 2. 2. 2. 5  84 

Barking - - - - - — - — - 5. 4. 2, 2. 2. 4  81 

resistance  — - - - - --— - 5.4.2. 2.2.3  81 

Ganging  to  aode  switches,  volume  control  - - - — -  5.3.6. 4.2  61 

Gear  lock,  landing  (trailers)  - - - - — -----  5.12.7.1,4  229 

General  equipment-related  hazards - - - — - -  5.13.5  235 

access  - - - - - -  5.13.5.2  235 

edge  rounding  - — — — — — — — — — — — -  5.13.5.4  235 

hazardous  access  — - — - - - — 5.13.5.3  235 

interlocks  and  alarms  - — - — - - - - - - 5.13.5.1  235 

safety  pins  and  streamers  — - - - -  5.13.5.5  235 

Qen«;ral  labeling  criteria - - — -  5.12.4.6  227 

General  provision,  facility  design  — — ---7 — - - -  5, 8. 3. 4.1  177 

General  requirements,  IIIL-STD-1472D  4.  17 

design  for  electroBagnetic  pulse  (EMP)  hardening  - -  4.11  19 

design  for  NBC  survivability  4,10  19 

fail-safe  design  4.5  19 

function  allocation  4.3  17 

human  engineering  design  4.4  17 

interaction  - - 4.7  19 

objectives . - . 4.1  17 

ruggednese  --------- — - — - — — - - - - - 4.O  19 

safety . — - — . . . 4,8  19 

simplicity  of  design  - - - 4.6  19 

standardization  — - — - - - —  4.2  17 

Ganeral  workspaces,  acoustical  noise  - - - 5. 6. 3. 3.1  175 

General  workspace  hazards - - — - -  5,13.4  233 

alerting  device - - - - - -  5.13.4.1  233 

emergency  doors  and  exits  - - - -  5.13.4.2  233 

illumination  - - -  6.13.4.5  234 

obstructions  -------- — - — ■ — ---------- — - - -  5.13.4.4  234 

stairs  - - - - - -  5.13.4.3  234 

thsrmal  contact  hazards  - - - - - - — — 5,13.4.6  234 

Glare 

reflected,  CRT . - .  5. 2. 4. 7  45 

vehicle  visibility . .  5.12.5.6  228 

G-loeding.  controls  --  —  -  —  - — . - — - 5.4. 1.1.2  67 

Gloves,  compatibility  with  controls - - - -  5.4. 1.6  72 

Graduation,  size  (labels)  — . 5. 5. 6. 2. 5  127 

Graduations,  scale  markings  — — - - - * - - —  5.2.3. 1.5. 1  39 


327 


IHDEX 

Paragraph 

araphic  displays  -  5.15.3.6 

autOBiatic  data  registration - - — - - 5  15  3  5  14 

bar  graphs . - . S.’lS.’a.’eisO 

. - . - . 5.15.3.6.30. 

changing  size - - - - - - 5.15.3.6.19 

computer  derivation  of  graphic  data  ------ — --- — - —  5.15.3.6.16 

confirming  cursor  position  -  5.15,3!6.9 

consistent  scaling - 5.15.3.6.26 

6ata  annotation  g  jg  2  g  22 

display  of  scale  - - - — - - - — 5.15,3.6  25 

displaying  current  attribute*  — - silsis.eiu 

distinctive  cursor - -  5  15*3*6*7 

direct  display  of  differences - . —  5.15.3.6.20 

drawing  figures  . — . . 5.15.3.6.18 

urawing  lines . - . . . 5.15.3.6.17 

easy  storage  and  retrieval  — -  5  25  3  g  jg 

graph  axes - - - - s!l5!3!6!4 

highlighting  critical  data - - - 

histograsa  (step  charts)  — — - - - 5.  Isis.'e.SO.! 

noptaal  orientation  for  labels  — - - -  5  15  3*6  23 

pictorial  symbols  . . . 5.’ 15.*3!6!24 

.  5.15.3.6.6 

precise  positioning - - 5,15.3.6.8 

predefined  graphic  formats  ------- — _ _  5  15  3  6  15 

MOurrUj  d.u  .  s'.li'.iW.i 

r.  5.15.J.e.21 

refresh  rates - - -  a 


5.15,3.6.9 

5.15.3.6.26 

5.15.3.6.22 

5.15.3.6.25 

5.15.3.6.12 
5.15.3.6.7 
5.15.3.6.29 
5.15.3.6.18 
5.15.3.6.17 

5.15.3.6.13 
5. IS. 3. 6. 4 
5.15.3.6.20 


selecting  from  displayed  attributes  5.15.3.6.1) 

selecting  graphic  elsnents  — ..  5  15  3  6  10 

single  scale  only  — — — - - - — — - - - 8.15.3.6.27 

trend  lines  .  8.15.3.6.5 

unobtrusive  grids  .  5.15,3.6.28 

'*** - - - - - - - -  5.15.3-6.1 

Graphic  interaction  - - - - - - - - 5.15,4.8 

iconic  OMnus  - - - - - - - - - -  5  15  4  8  2 

suppleioentapy  verbal  labels . - . —  5,15.4^8.3 

-  . . . 

ZX  "  . . . 

area  force  requirements  - * - - - g  g  jj  g  g 

. . . . a’o’n  '5* 

. .  S-nlJ:? 

"virface  . . . . -  «  . 


Grid  and  stylus  devices 

application  - - 

dimensions  and  mounting 
dynamic  characteristics 
Grip  handies,  cranks 


Ground  workspace  design 


'  5.15.3.6.30.2 

261 

-  5.15.3.6.23 

260 

■  5.15.3.6.24 

260 

•  5.15.3.6.6 

258 

•  5.15.3.6.8 

258 

■  5.15.3.6.15 

259 

■  5.15.3.6.2 

25S 

5.15.3.6.21 

260. 

5.15.3.6.3 

25| 

5.15.3.6.11 

25r 

5.15. 3. 6. 10 

259 

8.15.3.6.27 

260 

8.15.3.6.5 

258 

5.15,3.6.28 

261 

5.15.3-6.1 

258 

5.15.4.S 

271 

5.15.4.8.2 

271 

5.15.4.8.3 

271 

5.1S.4.S.1 

271 

5.3.2. 4.2 

37 

5.0,11.5.6 

203 

5.0.11.5 

203 

5. 13.2.7 

233 

5.0.11.5.4 

203 

5. 14.2.2.5 

240 

5. 4. 3. 2. 5 

ni 

5.4. 3. 2. 5.1 

111 

5.4.3. 2.5.3 

113 

5. 4. 3. 2. 5. 2 

1 13 

5. 4. 2. 2. 4. 2 

66 

5.12.6.3 

227 

5.7 

145 

328 


MIL-STD-14/2D 

INDEX 


Paragraph  Page 

Ground  potential,  electrical  hazard  - 

Group 

arrangement , functional  — - - - 

labels,  data - - 

Barking,  functional  - 

Grouped 

frequency,  display  format  - 

function,  display  format  - - - - - 

importance,  display  format - - - 

Grouping 

alphanumeric,  tabular  data  — - - - 

arrangement,  controls  - - - - - 

controls  - — - 

displays  - - - 

fixed  function  keys - * — - - - 

form  filling  - 

functional,  control/display  integration  — - 

trans illuminated  displays - ; - 

Groups 

arrangeswnt  eithin  — - - - - - - — 

coaponent  ---------- — - - - - - - 

location  and  arrangement  (aerospace  vehicles) 

Guard,  cover  (ptwh  button)  - — ---- — 

Guards,  mechanical  hazards - - - — — — 

Guarding  hazardous  conditions  - - - 

Guardrails,  stairs,  ladders  &  ramps  - - •• 

Guides,  case  design 

B 


Hand 

access,  openings  and  covers  - — ---- — — — 5, 9, 9. 5. 1  187 

controls,  high  force  - - - - — - - — 5. 4. 4. 2  116 

dimensions - - - * - - -  6.6.2  129 

grasp  area  placards - - - - -  5.13.2.7  233 

strength  . - . 6, 4. 4. 2  116 

support,  tracking  equipment - - - - —  8.11.2.4  216 

surface,  inclines,  stairs  &  ladders  - - -  5.14.3.5.2  243 

tools,  common  (definition)  - - - 3.9  10 

tools,  electrically-operated  (electricel  hazards)  5.13.7.1.6  236 

Band  operated  displacement  Joysticks - - - -  5. 4. 3. 2, 2.1  107 

dimensions,  resistance  and  clearance  - — - -  5. 4. 3. 2. 2. 1.3  107 

dynamic  characteristics  - - — - — ------------  5. 4. 3. 2 .2. 1 .2  107 

specific  use  ----- - - - - — - — - 5.4,3.2.2. 1 . 1  107 

Hand  operated  isometrick  Joysticks - - - - - -  5. 4. 3. 2. 3. 1  100 

dimensions,  resistance  and  clearance  -  5. 4. 3,2.3. I .3  109 

dynamic  characterietica  — - - — - -  5. 4. 3. 2. 3. 1 .2  100 

apeclfle  use . . . . - .  5.4.3.2.3. 1 . 1  109 

Handbooke,  referenced  documents - - - -  —  -.  2.I  3 

Handheld  sights,  unstebiiized.  unsupported  — - - -  8.11.3.4.2  216 

Handholds  and  footholds  - — - - - -  5.12.6.9  230 


-  5.13.7.1.5 

236 

-  5. 1.2. 1.1 

21 

-  5.15.3.1.10 

253 

-  5. 1.2. 1.1, 3 

22 

-  5.15.3.1.4,3 

253 

-  5.15.3.1.4,2 

253 

-  5.15.3.1.4.1 

253 

-  5.15.3.5.8 

258 

-  5.4. 1.3 

68 

-  5.4. 1.3.1 

68 

-  5.2. 1.4.6 

29 

-  5,15.2.3.6 

251 

-  5.15.4.3.2 

267 

-  5.1.2. 1 

21 

-  5.2. 2. 1.5 

33 

-  5. 1.2.3 

22 

-  5. 1.2. 3. 7 

23 

-  5,14.2.2.2 

240 

-  5. 4. 3. 1.1.4 

68 

-  5.13.7.2.1 

236 

•  5. 0.9.5. 1.5 

190 

•  5. 7. 7. 1,3 

156 

•  5.9.7. 4 

166 

320 


MiL-STD-1472D 


INDEX 


Htndholdfl,  emergency  evacuation  - 

Handholds,  ingress  and  egress  - 

Hand-carrying  equipment,  stairs  &  ramps  - 

Hand  1  e 

dimensions,  displacement  &  clearances,  controls 

folding,  cranks - - - 

grip,  cranks - - 

positions,  shift  (vehicles)  - 

spinner.  hand¥*eels - - - 

workspace  design  - - 

Handles  and  grasp  areas  - 

design  — — - - - - - 

dimensions - - 

force  requirements - - - - — ■" 

general  - - - - 

grasp  surface  - - - 

location  — - — — — — — — —— — — - 

material  --- — — — — — — — — — — —  v,, 

nonf  ixed - — — - 

Handling 

design  of  equipment  for  remote  — — - - - — ” 

unit  design  for  efficient  - - - - - 

vehicles,  material  - - — - - - 

Hand-operated  push  button  - - - - - 

Handrails 

platform,  safety 

stairs,  ladders  &  ramps  - — 

Handsets,  accessibility  - - - — - 

Hands-free  operation,  oosiunnieation  equipment 
Handware,  compatibility  with  controls  — 

Handwheels  (two-hand  operated) 

dimensions,  resistance,  displacement  and  separation 

direction  of  movement  — - — — --- — - - 

power  steering  failure  - - - - 

spinner  handles  — - - - - - 

steering  ratio - - - - - - 

steering  wheel  shape  - - - - ------ 

turning  aids - - - - 

use  — - - - - - — ----- — - - - - - 

Hard  copy,  other  requirements  - - - - 

Harnesses,  safety  (ejection  systems)  ------- — 

Hatches  for  normal  exit/entrance.  aerospace  vehicles  -- 

exit  markings  - - - - - - - 

Hatches,  workspace  design - - - - 

conf  iguration  — - -  — — ------- 

dimensions  -  -  - - - 

force  requircBwnts  - - - - - — 

Hasard 

alarms  - - - - - - 

area  illumination,  safety  - - * - 

electrical  - - - 


Paragraph 

Page 

-  5.14.4.1.7 

24  4 A 

-  5.14.3.2 

242V 

-  5. 7. 7. 1.2 

156 

-  5. 4. 3. 1.6. 2 

101 

-  5. 4. 2. 2. 4. 4 

86 

-  5. 4. 2. 2. 4. 2 

86 

-  5.12.4.4 

227 

-  5. 4. 2. 2. 5. 3 

86 

-  5.7. 1.2 

145 

-  5.9.11.5 

203 

-  S. 9. 11. 5.1 

203 

-  5.9.11.5.5 

203 

-  5.9. 11. S. 6 

203 

»  5.9.11.5.1 

203 

-  5. 9.)!. 5. 4 

303 

-  5.9,‘11.5.2 

203 

-  5.9.11.6.7 

203 

-  5.9.11.5.3 

203 

-  5.10 

211 

-  5.0.11 

192 

-  5.12.8 

229 

-  5.4.3. l.l 

BB 

-  5.13.6.2 

235^ 

-  5.7.7. 1.3 

isV 

-  5. 3. 0.3 

64^ 

-  5. 3. 9. 2 

64 

-  5.4, 1.6 

72 

-  5. 4. 2. 2. 5 

80 

-  5. 4. 2. 2. 5. 5 

86 

-  5. 4. 2. 2. 5. 4 

86 

-  5. 4. 2, 2. 5. 7 

96 

-  5. 4. 2. 2. 5. 3 

86 

-  5. 4. 2. 2. 5. 8 

68 

-  5. 4. 2. 2. 5. 6 

86 

-  5.4’.2.2.5.2 

86 

-  5. 4. 2. 2. 5.1 

66 

-  5.15.10.2 

277 

-  5.14.4.3.2 

244 

-  5.14.3.1 

242 

-  5.14.3.1.1 

242 

-  5.7.8. 2 

163 

-  5. 7. a. 2.1 

163 

-  5. 7. 8. 2. 3 

163 

-  5. 7. 8. 2. 2 

163 

-  5.13.5.1 

235 

-  5.13.4.5 

234 

-  5.13.7.1 

235 

INDEX 

Paragraph  Page 

fluid  . . . - . . .  5.13.7.3  236 

interlocks - - - * - -  5.13.5.1  235 

mechanical  - - - - -  5.13.7.2  236 

radiation  -  5.13.7.5  237 

thermal  contact  — - * - * -  5.13.4.6  234 

toxic . - . - .  5.13.7.4  237 

Hazards  and  safety - - - - - - — 5.13  233 

electrical,  mechanical,  fluid,  radiation  and  toxic  —  5.13.7  235 

general - - - — 5.13.1  233 

general  equipment-related  hazards  - - -  5.13.5  235 

general  morkspace  hazards  -  5.13.4  233 

pipe,  hose  and  tube  line  identification  — — — — —  5.13.3  233 

platforms  - —  5.13.6  235 

safety  labels  and  placards  -- — — — — — — - - -  5.13.2  233 

Hazardous 

access  — - - -  5.13.5.3  235 

conditions,  guarding  -  5. 9. 9. 5. 1.5  190 

locations,  adjustment  controls  — — — - — — ---  5. 9.3. 6  105 

noise,  acoustical  noise - - - — - -  5.6. 3. 2  175 

operations,  control  of  (ground/shipboard  vehicles)  ---  5.12.3.4  227 

Head-  and  foot-of  file,  text/program  editing  -  5.15.3.7.15  263 

Head  dimensions - - — — - — — 5.6.2  129 

Head  type,  fasteners  - - 5.9.10.5  191 

Head-up  displays  — — — - - - - — 5,14.1.1.5  239 

exit  pupil  - - - — - — — - -  5.14.1.1.5.5  239 

field  of  view .  5.14.1.1.5.4  230 

general  .  5.14.1.1.5.1  230 

legibility  .  5.14.1.1.9.3  230 

symbol  brightness  5.14.1.1.5.2  239 

symbol  line  width  — 5.14.1.1.5.6  240 

Headrasts/browpads,  optical  instruments  5.11.3.14  219 

Headset 

audio  warning  signals  - - — -  —  — - -  5, 3. 4. 2. 4  58 

spsech  reception  - - - — -  5. 3. 8. 4  63 

Heating  and  ventilation,  ground/shipboard  vehicles  -  5.12.6.1  228 

beating . - . - . — . 5.12.6.1  228 

ventilation - - — - -  5.12.6.2  228 

visibility  - . - . - .  5.12.6.3  220 

Beating,  ventilating  and  air  conditioning,  environment  --  5.6.1  167 

air  conditioning - * - - - 5.8. 1.3  167 

heating . - . 5.8.1.!  167 

humidity . . . . - . ----- . 5. 8. 1.4  167 

limited  thermal  tolerance  zones - - —  5.8. 1.8  169 

personal  equipment  thermal  control  - - — 5.0.  i.g  16*7 

temperature  uniformity  - —  5.8. 1.5  167 

thermal  tolerance  and  comfort  zone - - — - - 5. 8. 1.7  169 

ventilating - - — - - - - -  5. 8. 1.2  167 

Height 

aerospace  seats  — . . . . .  5.14.2.4.4  241 

barrier,  legend  twitches  - - - - -  5. 4. 3. 1.5. 2  97 

character,  labels  - - - - - -  5.5  6.15  124 

33  2 


riiL-i  i  u-i.'+z 


ISDEX 


console - - - * - 

work  surface  - 

Help,  definition - - - - - 

Help,  error  management/ data  protection  - - 

browsing  Help - - — —* 

multilevel  Help  - 

standard  action  to  request  Help  - 

Hierarchic  structure  for  long  lisits.  tabular  data 

Hierarchical  process,  interactive  control  - — 

High  failure  rate  items,  accessibiity  -- — - - 

High  force  application  aids,  pedals  - — - - 

High* force  controls  - 

arm,  hand,  and  thumb** finger  controls - — 

foot  controls - - — - - — - - 

yae  - - - - - - -  —  - - 

High  torque  fasteners - - - 

High  voltage - — - - - - 

Highlighted  option  selection,  feedback  - 

Highlighted  text,  text/program  editing  - - - 

Highlighting,  definition - **•-- 

Highlighting  critical  data,  graphic  displays  - 

Hinged  mounting - - - - - 

Hinges  and  tongue-and-siot  catches  — - — --- — 

Hinges,  rollout  racks  or  slides  - - - 

Histograms  (step  charts) ,  graphic  displays  - 

Home  position,  cursors  — — - 
Horizontal 

adjustment,  aeroapace  seats  - - - - - 

adjustment,  vehicle  seats  ------- — - — - - 

extension,  tabular  data  — -- 

push  and  puU  forces  — -- — - - — -- 

scales  ---------- — — - ... 

Horizontal  h  vertical  arrays,  control/display  integ 

Hose  line  identification,  labels  and  placards  * - 

Hot  weather  temperate  zone,  load  items  for  - 

Human  engineering  design  — -- — -  — 

Human  engineering  design  criteria,  definition  - 

Humidity,  environment  '•* — — — ----- — -- — 
Hydraulic-operated  work  platforms  - — 

I 

Iconic  menus,  graphic  interaction  -- — * - - 

Identlfioation 

cables  (conductors)  ----------- — - — ---- — --- 

connectors  -------- — • — - - -  — 

malfunction,  design  for  maintainer  - - - 

pipe,  hose  and  tube  lines - *  — . . — 

protective  items - - - ----------------- 

user,  data  protection - - - - - - - 

Illuminance 


33: 


Paragraph 

Pag 

*  5. 7. 6. 2.1 

156 

-  5. 7. 3. 2 

146l 

-  3.34 

11 

-  5.15.8.12 

274 

“  5.15.8.12.3 

275 

-  5.15.8.12.2 

274 

-  5.15.8.12.1 

274 

-  5.15.3.5.6.6 

257 

-  5.15.4.1  7 

265 

-  5.B.4.6 

185 

-  5. 4. 3. 2. B. 5 

116 

-  5.4.4 

116 

-  5. 4. 4. 2 

lie 

-  5. 4. 4. 3 

120 

-  5.4.4. 1 

116 

-  5.9.10.5,  1 

191 

-  5.13.7.1.4 

236 

-  5.15.5.6 

271 

-  5.15.3.7.6 

262 

-  3.35 

12 

-  5.15.3.6.20 

260 

-  5.9.12.9 

205 

-  5.9.10.2 

191 

-  5.9.12.6 

205 

-  5.15.3.6.30.2 

261 

-  5.15.2.1.8.3 

240 

s 

•  5.14,2.4.2 

24  i 

-  5.12.2.3 

223 

•  5.15.3.5.5 

257 

-  5.9.11.4.1 

194 

-  5. 2. 3. 2. 4 

42 

n  S. 1.2. 3. 2 

22 

-  5.13.3 

233 

-  s.n.i 

213 

-  4.4 

17 

-  3.36 

12 

-  5.8. 1.4 

167 

-  5. 7. 7. 7 

159 

-  5.15.4.8.2 

271 

-  5.9.13.8 

206 

“  5.9.14.3 

206 

-  5.9. 1.5 

183 

-  5.13.3 

233 

-  5.13.2.4 

233 

-  S. 15.8. 13.6 

275 

I 


“IL-STP-1472D 


Paragraph 

5. 2. 4. 6 

l\  A  0 

Pag 

A  e 

aabient,  caT  aispiays  ------  — 

43 

1  IRO 

ciiVl ronoen V 

5. 4. 2. 1.3. 5. 2 
5. 4. 2. 1.3. 5.1 
5.11.3,12 

c  11  *1  1  ^  n 

XOar 

•Tfl 

ax varnai  •  wAuniDwneei 

(  a 

*7Q 

inv€rnai  •  wnunownaei 

f  Sf 

^  1  n 

1 1 X USX HAwCU  si^itViS  aiiu  *  a  vicxas  ^  —  —  —  —  —  —  —  —  —  —  — 

CO  1 OT  —  — 

4l0 
n  1  0 

9«  aW* 

5.11.3.12.3 

5.11.3.12.4 
5.11.3.12.1 

c  If  *1  1  n  £ 

AiO 
17  1  0 

4X0 

010 

xixuttxnawxon  xavai 

4X0 

^10 

oparaLXOAS 

4X0 
n\  a 

ra^xcis  1  xn€s  - 

9«11.J.X<6»0 
c  11  *1  10c 

4X0 
^  1  tx 

ulll  X QI*wl  Ly  — 

Illumination 

w.  lX.u*  XZ*D 

5. 1. 1.5 

5. 2. 6. 2. 5 

5.2. 1.2.1 

5.2. 1.2 

C  1  *t  ^  C 

4X0 

0_1 

4  1 

f  f 

0** 

4  f 

4  r 

6  1  t  J  A 

4  w  A 

nnj 

3  .  i  0  •  9  •  ^ 

404 

A  Q 

0 . 4  4  0 . 0  •  4 

s.e.2 

5. 4. 3. 1.6. 6 

5.13.4.5 

C  W  A  ti 

to 

LAO 

XOU 

fifi 

vV 

404 

3  .  i  j  .  9 . 3 

5.10.5 

5.10.5.1 

5.10.5.2 

5. 2. 6. 6. 3 

5.4. 1.4. 5. a 

C  4  *1  fi  *t 

404 

0  1  0 

1  i X vAxnavtXQo  1  rvRu^c  aanuxxna  csuxpwanv 

4X4 

rvixa^vaci  1X5AV 

4X4 

S7  7  #1 

%Dra»ooxQ  vxawing 

4X4 
A 1 

xuaxnancv  •  op^xw««  projacvxon  oxspxays  *•••••••►••••* 

Immadiatt  action  controls,  coding  — . . . 

3  X 

72 

X apac V a  oapa  capnvix • 

el*  iTiCtWaV.O 

5.15.3.1.4.1 
5.2.  1,4.9 

5, 4. 3.1 .6.5 

5. 4. a. 2.2.0 

443 

hi;*t 

xwporvanG9|  groupao  oy  (uxcpxay  lorwkvi 

4  a  w 
V5 

xe^jor ^anca  1  iowavioii  ano 

0  4 

1  A  ) 

4naov9rvanv  convacvt  pu9fi'*'puAX  coiiwroxs 

XU  X 

A4 

04 

1  cr% 

iiici xna von 

Inclinss  and  stairs  and  ladders  iatrospace  vthiclts)  - 

a ,  ft  1.7 

5.14.3.5 

5.14.3.5.1 

5.14.3.5.2 
5.15.U.6 

5.9.  n.  1.3 

5. 15.4.3.7 

5.9.  17.1 

I3cf 

243 

aiiQ  1 V  01  me i ina 

44  w 

44*1 

Qf^no  #ny  ivov  suriaca 

Incorporate  existing  files,  data  and  message  transmission 
Indication 

440 

277 

stAO 

cn c«x  SAX  1  unc V 1  on 

4Uo 

•fiwry  xan^bOi  lors  ixixins 

400 

VtfUX  pSVn  \  l  AX  1  UPC  —  - 

4Uo 

fail ure 

3.9.  17 

5.2.2.1.11 

5.2.e,5.5 

5.0.  17.1.2 

5. 4. 3.1. 1.3 

5. 4. 3.1 .6.3 

5. 4. 3. 1.7. 5 

5.4.3. 1.4.4 

5. 4. 6. 3 

4Uo 

\A 

lAXAvt  vf  A  ft  A  XXX IXBX  IXA^AUUXApXAyA  ^ 

malfuction,  flags  - - - - - * . 

04 

49 

ou ^**0 1  •  vo larAncc 

AP 

pQAX«XVA|  pUAn  wUwVUn  "*  -  —  -.t  — *  —  —  —  —  —  —  —  — ^ —  —  —  —  —  —  — 

00 

00 

poA X  wi vc  ,  rocAcr  awx  vCn 

F5F 

1  n  \ 

pOsiLiVA.  SXXCiA  9wi  LCn  COIrvPOia 

lU  1 

poSXlfvf^  toggle  AWltOn  COntrOlS 

positive,  touch  screen  controls  - * . . 

V4 

119 

333 


INDEX 


Paragraph  Page 


power  lailure  . . - .  5.9.17.1.1  206. 

Indicators  m 

contrast  within,  trans illuminated  displays  -  5,2.2.1.12  3e 

fixed  pointer,  moving  scale  -  5. 2. 3. 3  44 

moving  pointer,  fixed  scale - - - -  5. 2. 3, 2  41 

scale - - — - — 5.2.3  37 

types  of  scale . . . 5.2!3.1.1  39 

Indicator  covers - - — - - — - - - 6,2.2.1,17  35 

Indicator  lights,  simple  — — - - — - - — 5. 2. 2, 3  36 

Indirect  viewing,  remote  handling  equipment  — — -  6.10.4.4  212 

Information 

calibration,  instrxuaents - - - 'J. 2. 3. 1.9  41 

content  of  displayed - - - - - S.^.'s.'e  47 

control  of  displayed - - - - - 5. 2. 5. 5  46 

definition  — - - - - - — - 3.37  *  12 

. . .  5.15.3.2.2  254 

diagnostic,  error  management  - — - - — - -  5.15.8.7  274 

irrelevant,  labels  — * — 5. 5. 3. 3  122 

transilluBinated  displays  -  5.2.2. 1.3  33 

type  of,  scale  indicators - — - 5. 2. 3. 1.3  39 

Inforaaition,  visual  displays  — - - 5, 2. *1.3  28 

advisory  and  alerting . . — . sia.l.S.U  28 

combining  operator/maintainer ,  visual  displays  -  5.2. 1,3.5  28 

content . - . — - — . : - -  5.2. 1.3.1  28 

display  circuit  failure  — - - - - 5. 2. 1.3. 7  28 

display  failure  clarity  -  52136  20 

. .  5!2.‘i.'3!9  2^ 

. . - . 5.2. 1.3.3  2^ 

numeric  digital  displays  — - - - - — 5,2.1.3.13  29 

precision . - . . . 5.2. 1,3,2  28 

redundancy  . - .  5.2. 1.3.4  20 

timeliness . - .  5.2.1.3.10  28 

unrelated  markings  - - - - 5.2. 1.3.8  28 

Informative  and  distinctive  labels,  tabular  data  -  5.15,3.5.0  258 

Informative  labels,  form  filling . - . - .  5.15.4.3,14  260 

Ingress  and  egress,  personnel  (aerospace  vehicles)  ------  5.14.3  242 

Ingress  and  egress,  workspace  design - - - 5  7  B  163 

configuration  — .  5. *7 [g. 2.1  163 

dimensions  .  5. 7. 8. 2. 3  163 

. . . . . -  5.7.8. 1  163 

force  requirements  — — - — --- — - - - - 6. 7. 8. 2. 2  163 

hatches  -  - - - - 5.7,8. 2  163 

whole-body  access  - - - — _ _ 5. 7. 8. 3  163 

Inhabited  compartments,  thermal  tolerance  - -  5.8. 1.4  167 

Input 

confirmation,  feedback - - - - - -  5.15.5.4  271 

units,  data  entry  — — . .  248 

rejection,  user - - - - - -  5.15.5,7  271 

Instructions 

covers,  opening . - .  5. 9. 8. 2  186 


IHDEX 


Paragraph  Page 

operating,  vehicle - - - - -  5.12.4  227 

teat  equipnent  -  5.9.16.2  20B 

Instruction  plates,  winches  — - - - 5.12.9.4.1  231 

Instrument  location,  aerospace  vahicle  design  -  5.14.1.2  240 

Instruments,  optical  equipment - - —  5.11.3  216 

Insulation  of  tools,  electrical  hazards  -  5.13.7.1,1  235 

Integration,  functional  (data  and  message  transmission)  -  5.15.11.1  277 

Intelligibility 

criteria,  speech  — — — - - - - - — - —  5.3.12.2  65 

speech - — - - - - - - -  5.3.12  65 

speech  (definition)  - - - - - - - 3.61  15 

Intended  use,  mL-STD-1472D . 6.1  279 

Intensity,  audio  warning  signals - - - 5. 3. 3. 2  57 

conqsatibility  with  acoustical  environment  - —  5. 3. 3. 2.1  57 

compatibility  with  clothing  and  equipment - - - 5. 3. 3. 2. 2  58 

discomfort - 5.3.3. 2.3  58 

Intensity 

control,  dot  aatrix/segmented  displays  -  5. 2. 6. 8. 8  53 

control,  LEDs - - - —  5. 2. 6. 7, 3  52 

verbal  warning  signals  — — - - - — 5. 3. 5. 2  60 

Interaction 

general  requireawnts  — - - — - - - - - 4.7  19 

graphic . . . . . .  5.15.4.8  271 

user-ooaputer  interface  — — — - - -  5.15.1.8  247 

Interactive  control,  user-computer  interface  - - 5.15.4  263 

accidental  actuation  --- — - - — - -  5,15.4.1.3  265 

availability  of  information  - - - - — —  5.15.4.1.5  265 

compatibility  with  user  skill  — - - — - -  5.15.4.1.4  265 

computer  processing  constraints  --- — - — 5.15.4.1.12  265 
concurrent  display  5.16.4.1.6  265 

control  input  data  display - - - - — - — •  5.15.4.1.15  266 

data  manipulation  — — — — - - -  5,15.4.1.11  265 

dialogue  type  5.15.4.1.9  265 

feedback  for  correct  input  - - —  5.15.4.1.13  265 

feedback  for  erroneous  input  - - - -  5.15.4.1.14  265 

genera;  - - - -  5.15.4,1  263 

helrarchlcai  process - - - - -  5.15.4.1.7  265 

interrupt  to  end  keyboard  lockout - - — - - -  5.15.4.1.1,3  264 

keyboard  restoration - - — - - - — - - -  5.15.4.1.1,2  264 

number  system  -- — * - - * - - -  5.  15.4.1.10  265 

originator  identification  - - -  5.15.4.1,16  266 

response  time  - - - - - - 5.15.4.1.1  263 

response  time  induced  keyboard  lockout  - -  5.15.4.1.1.1  264 

simplicity . - . - . 5.15.4.1.2  264 

user  memorisation  - - - - - -  5.15.4.1,8  266 

Interlocks 

general  equipswnt- related  haxards  -  -  -  - - -  5.13.5.1  235 

push  button - - - - 5.4.3. 1 . 1 .6  88 

racks  and  drawers - - -  5.0.12.6  205 

Intermediate  marks,  scale  markings  - - - -  5. 2. 3. I, 5. 2  39 

Internal 


335 


INDEX 


controls,  prtvsntion  of  accidental  activation  - - 

illuminance,  thumbwheel  controls  - 

software  checks,  error  management  - 

Interrupt,  data  and  message  transmission  - - - 

Interrupt,  definition  - 

Interruption  of  view,  physical  - 

Intervehicular  connections - - — - — - - - — 

Inversion,  brightness  (display  coding)  - - - - 

Irrelevant  information,  labels - - - - - - 

Issues  of  documents - - - - - - - 

Isometric  joystick  - — — - - - - — 

dimensions,  resistance  and  clearance  (finger  operated) 
dimensions,  resistance  and  clearance  (hand  operated)  - 
dimensions,  resistance  and  clearance  (thumb  operated) 

dynamic  characteristics  (finger  operated)  - 

dynamic  characteristics  (hand  operated)  - 

dynamic  characteristics  (thumb  operated) 

finger  operated - - — — 

hand  operated - - - - - - - 

thumbtip/f ingertip  operated  - - - 

specific  use  (finger  operated)  - - — - - 

specific  use  (hand  operated)  - - - - — - 

specific  use  (thumb  operated) - — - r— - — 

Items 

delicate,  mounting  of  - - - 

high*failure<rate,  accessibility - - - - - 

large,  accessibility - - — - - - — - - - 

mounting  of,  within  units  — - — - - - - - - 

multiline,  marking - —  - - - 

similar,  mounting  of  — — - 


J 

Jamming  doors,  aerospace  vehicles  - - — 

Job  aids,  plotters  — - — - - - - 

Joysticks 

displacement  (isotonic)  - 

iaoswtpic 

Justification,  keyboard  (data  entry)  - - - 

Justification  of  numeric  entry  --- — ------ 

K 

Key  operated  switches  (KOS)  - 

color,  shape  and  sire  coding - - - - 

diMnslons,  displacement,  and  resistance 

marking  and  labeling  - 

other  requirements  - 

yj,  - -  - — - - - 

Keyboard 

cursor  control  - - - 


Paragraph 

Page 

5.4. 1.8.2 

7^ 

5.4.2. 1.3. 5.1 

7^ 

5.15.8.3 

273 

5.15.11.4 

277 

3.38 

12 

5. 2. 5. 4 

46 

5.12.7 

229 

5.15.3.3.9 

256 

5. 5. 3. 3 

122 

2.1 

3 

5. 4. 3. 2. 3 

108 

5. 4. 3. 2. 3. 2. 3 

109 

5. 4. 3. 2. 3. 1.3 

109 

5. 4. 3. 2. 3. 3. 3 

111 

5. 4. 3. 2. 3. 2.2 

109 

5. 4. 3. 2. 3.  1..2 

109 

5. 4. 3. 2. 3. 3. 2 

111 

5. 4. 3. 2. 3. 2 

109 

5. 4. 3. 2. 3.1 

109 

5. 4. 3. 2. 3. 3 

109 

5. 4. 3. 2. 3. 2.1 

109 

5. 4. 3. 2. 3. 1.1 

109 

5. 4. 3. 2. 3. 3.1 

109 

5. 9. 2. 3 

184 

5. 9. 4.0 

185^ 

5.9. 4. 2 

5.9.2 

5.15.3.5.6.3 

257 

5. 9. 2. 2 

184 

S. 14.3.4.1 

243 

5. 2. 6. 4. 5 

49 

6.4. 3. 2. 2 

105 

5. 4. 3. 2. 3 

loe 

5.15.2.2.5 

250 

S. 15.3.6. 10 

258 

5.4.2. 1.2 

75 

5.4.2. 1.2.3 

77 

5.4.2. 1.2.2 

77 

8.4.2. 1.2.4 

77 

5 . 4 . 2 .  1 . 2 . 5 

77 

5.4.2. 1.2.1 

75 

5. 15.2.1.8.6 

249 

INDEX 


Paragraph  Page 

lockout,  interrupt  to  end - - - - -  5.15,4.1.1.3  264 

lockout,  response  time  induced - - — - - - - 5.15,4.1.1.1  264 

restoration  — - - - -  5.15.4.1.1.2  264 

Keyboard,  data  entry - - - - -  5.15.2.2  249 

coniiguration - - - — * - - -  5.15.2.2.2  250 

data  change - - - - - - - -  5,15.2.2.9  250 

justification - - — - - — - —  5.15.2.2.5  250 

length . . . - .  5.15.2.2.4  250 

Binimiaation  of  keying  - - -  5.15,2.2,7  250 

minimisation  of  shift  keying  -  5.15.2.2.8  250 

numeric  keypads  -  5.15.2.2.6  250 

timely  display  -  5.15.2.2.3  250 

use— . . . - . - . - . 5.15.2.2.1  250 

Keyboards,  linear  controls  — -  —  - - - - 5.4.3. 1.3  92 

alpha-numeric  — - - - - 5. 4. 3^  1.3.2  92 

distensions,  resistance,  displacement  and  separation  --  5.4.3. 1.3.3  92 

feedback  - - -  5.4.3. 1.3.6  94 

layout  and  configuration  -  5.4.3. 1.3.2  92 

multiple  — - — - - - - - - - -  5. 4. 3. 1.3. 5  94 

numeric - - — - - - - - - - - - - 5.4.3. 1.3.2  92 

slope - - - - . - - - 5.4.3. 1.3.4  94 

jyi* - - — - - - - - - - 5.4.3. 1.3.1  92 

Keyed  codes,  menu  selection - - S.  15.4.2. 11  267 

Keying,  connector - 5.9.14.2  206 

Keys 

fixed  function  (dedicated)  -------- — - - 5.15.2.3  250 

fixed  function,  interactive  control  ----------------  5.15.4,4  269 

non*active  - - 5.15.2.3.5  250 

variable  function  - - - - -  5.15.2.4  251 

Keymays  and  aligning  pins,  connectors  5.0.14.5  206 

Keystone  effects,  optical  projection  displays  ---------  5. 2. 6. 6. 6  51 

Kick  space,  workspace  design  - - - - -  5.7.1.!  14S 

Knee  room,  workspace  design  - - - - 5, 7. 3.5  147 

Knurling,  turning  aids  (handeriieeis) - - 6. 4. 2. 2. 5. 2  86 

Knob 

adjustments  - - - - - - 5.9.3. 1  184 

coerse  setting - - - - 5. 1.4.3  25 

fine  setting . . . . . -----  5. 1.4, 4  25 

style . - . 5. 4. 2. 2.  1.3  81 

Knob/display  relationship,  ganged  control  knobs  -  5. 4. 2. 2. 2. 5  84 

Knobs  . 5. 4. 2. 2.1  61 

dimensions,  torque  and  separation  - - -  5, 4. 2. 2, 1.2  81 

style  . 5. 4. 2. 2.  1.3  81 

use . 5.4.2.2.1.1  81 

Knobs,  ganged  control - - — * - - - - - 5.4. 2, 2. 2  81 

L 

Label 

background - - - - - - . 5.5. 4.6  122 

capital  vs  lower  case - - -  5. 5.5. 4.1  123 


337 


WlL-MU-iH/iiU 


INDEX 

Paragraph  Page 

characteristics  — — - - — - - - — - — - — — -  5.5. 1.2  121^ 

control,  lifting  vehicles  - - - - -  5.12.6.2  230^ 

data  group,  data  display  -  5.15.3.1.10  253 

distinctive  and  informative,  tabular  data  -  5.15.3.5.9  258 

electrical  - - — 5,13.2.6  233 

field,  form  filling  .  5.15.4.3.5  268 

function,  fixed  function  keys  — - - - —  5.15,2,3.9  251 

informative,  form  filling  -  5.15.4.3.14  268 

life . - . .  5. 5. 4. 5  122 

prototype  and  production  equipment - - - -  5.5. 1.3  121 

size  vs  luminance - - - — - — - - 5.5.5.14  124 

supplementary  verbal  - - — ----- — — - - -  5.15,4.8.3  271 

Labeling - - — • — - —  5.5  121 

abbreviations  - - - - - - -  5. 5.3. 2  122 

access  - - - - - - — - - 5,5.4. 4  122 

acoess  openings  and  covers  - - -  5. 9. 9. 3  187 

application - — - - -  5.5. 1.1  121 

brevity  — — — — — — '--- - - -  5.5.4. 1  122 

contents - - - - — — - - — ——————  5.5.3  122 

controls - - - - - - - 5.4. 1.5  72 

equipment  - — — — - — - 5.5.6  124 

equipment  functions  — — — - - - - - — - - 5.5.3. 1  122 

familiarity - - — — - - — 5. 5. 4. 2  122 

functional,  controls  and  displays  5.5.6. 2.3  126 

general  — — — — — — — 5. 5. 1  121 

irrelevant  information  5. 5. 3. 3  122^ 

key  operated  switches  — — — — — — — - —  5.4,2.  1.2,4  77B 

label  characteristics  - - —  5.5. 1.2  121™ 

label  background  — - — - - - — --  5. 5. 4. 6  122 

label  life .  5. 5. 4. 5  122 

levers  5.4. 3. 2. 1.3  106 

location  — -------- — — - - - -  5, 5. 2. 2  121 

lubrication  — --------------  5. 9. 5. 2  186 

movement  relationships,  oontrol/display  integration  5.1.3.10  24 

orientation - - — — - — - — - — -  5.5.2. 1  121 

orientation  and  location  — -------- — ---  5.5.2  121 

prototype  and  production  equipment  labels  - - 5. 5. 1.3  121 

qualities  - - - - — -  —  - - —  5.5,4  122 

standardization - -  5. 6. 2. 3  121 

thuBd)wbeal  controls - - - -— — - -  5. 4. 2. 2. 3. 5  84 

torque,  fasteners  - - - - - - - - — -  5.9.10.8  102 

units  of  measuresnent .  tabular  data  *•“-  —  - - -  5.15.3.5.11  256 

vehicle  operating  instructions,  general  criteria  - — --  5.12.4.6  227 

visibility  and  legibility  — -  —  ---- — - — - — - - 5. 5. 4. 3  122 

weight  .  5.9.11.3.6  104 

Labels  and  placards,  safety  - - - -  5.13.2  233 

eenter-of-gravlty  and  weight  - - -  5.13.2.2  233 

electrical  labels  - - - - -  5.13.2.6  233 

hand  grasp  areas  - - -  5.13.2.7  233 

identif ication  of  protective  iteeui - - - S. 13.2.4  233 

'NO  STEP’  markings  .  5.13.2.5  233 

I 

338 


INDEX 


Paragraph  Page 

pipe,  hoae  and  tube  line  identification - - - - - 5.13.3  233 

warning  placards  -  5.13.2.1  233 

weight  capacity  -  5.13.2.3  233 

Labels  and  titles,  data  display  -  5.15.3.1.9  253 

coomand  entry,  prompts,  messages  at  bottom  -  5.15.3.1.9.2  253 

display  title  — . . .  5.15.3.1.9.1  253 

Lack  of  ambiguity,  movement  relationships - 5. 1.3.1  23 

Ladders 

aerospace  vehicles  - - -  5.14.3.5  243 

fixed - - - - - - 5. 7. 7. 4  159 

stairs - - - 5. 7. 7. 3  156 

telescoping,  mechanical  hazards  -  5.13.7.2.2  236 

Lag,  time  (movement  relationships)  - 5. 1.2.3  22 

Lai^ 

redundancy - - — — - — — - — - — - - - 5.2.2.1.13  34 

removal,  method - — -  5.2.2.1.15  35 

removal,  safety  -  5.2.2.1.16  35 

testing  - . . . - . . 5.2.2.1.14  34 

testing.  LEDs  .  . . . . 5. 2. 6. 7. 5  52 

Landing  gear  lock,  trailers  - - - - -  5.12.7.1,4  229 

Language 

command  - - - - - - - — - - - - - - -  5.15.4.5  269 

command,  consistency  with  - — --- — -- — — r -  5.15.4.2.9  267 

query . - - - - - - - -  5.15.4,7  270 

Large  items,  accessibility - - - - - 5.9. 4.2  185 

Large  scale  retrieval,  confirming  (query  language)  -  5.15.4,7.6  271 

Large  screen  displays - - - - — -- — ----- . 5.2.5  46 

avoidance  — - - - - - - - - -  5, 2. 5. 2  46 

content  of  displayed  Information  - - - — -----------  5. 2. 5. 6  47 

control  of  displayed  information  ---------------  —  --  5. 2. 5. 5  46 

physical  interruption  of  view  --------- — - - -  5. 2. 5. 4  46 

use . r . 6.2.5. 1  46 

viewing  distance - -  —  -  —  — - - 5. 2. 5. 3  46 

Large  screen  optical  projection  displays - - 5. 2. 6. 6  50 

alignment - - - - - - - - 5. 2. 6. 6. 4. 4  SI 

contrast . . .  5. 2. 6. 6. 4. 3  61 

direction  of  contrast - - - - - - -  5. 2. 6. 6. 4. 3.2  51 

istage  luminance  and  light  distribution  --- — -  —  -----  S. 2. 6, 6.3  51 

keystone  effects - - - - — -  5. 2, 6, 6.5  51 

legibility  of  projected  data  - - - - 5. 2. 6, 6. 4  51 

lumvnance  ratio - - - - - - -  5.2,fl.6.4.3. 1  51 

seating  area  .  .  . . - . - . 5. 2, 6.6. 2  50 

*!*•  .  5. 2, (5.6. 4. 2  51 

•  tyle . . . - . 5. 2, 6. 6. 4. 1  51 

use . - . 5  , a. 6. 6. 1  50 

Large,  single  pictorial  graphic  panels  — - - 5. 2, 2. 4. 2  37 

Large  workspeoes . . . . . - . .  S.8.3.3.3  175 

Latches,  aerospace  vehicles  . .  3,14.3.4.2  243 

Latch'handle  actuetion.  escape  exits  -  5.14.4.2.4  244 

Latching  mechanism,  reetote  handling  equipment  — -- — —  5.10.1.4  2U 


339 


M!1-STD-14720 

IKDEX 


Paragraph 


Lateral  work  space - — — . 

Lay-out,  design  ior  maintainer  - 

Layout  and  configuration,  keyboards 


effects  of  crew  size  - 

effects  of  variable  gravity  - - 

general  - 

location  and  arrangenent  of  groups 

standing  operations  — — — - - 

LED  (light  emitting  diode)  - 


Leg  rooB,  aerospace  seats 

Leg  strength  - 

Legend,  flags  - 


color  coding . . 

lettering  - - - 5. 2. 2. 2. 4 

■ulti-funetion  legends  - - -  5.2!2!2.*e 

positive  vs  negative  legend - - -  5.2  2  2  3 

use - - - - 5.*2!2  2*  1 

visibility  and  legibility - - - . 5.2!2.2!5 

Legend  switches  — _ _  5  4  3  1*5 

barrier  height  -  5.4,3. 15 

diMnsions,  resistance,  displacement,  and  separation  -  5. 4. 3. 1.5 

other  requirenents  — — - - - — 6. 4, 3. 1.5 

Legends,  capital  vs  lower  case  - - S  5*5  4 

Legibility 

head-up  displays  — — - - - - - - - 5  14  1  1 

. > 

Uj«nd  - - - - -  5, 2, 2, 2,5 

prlnfr.  — : . . 

Length 

conductors - - — — — - - - - 5.9.13,3 

indication,  entry  (for«  filling)  - - - -  5*13.4.3,'; 

keyboard,  data  entry  - - — _ _ _ _ sils  2  2  ( 

pointers  . . . . .  5  2  3  1  7 

Lettsr  Width,  labels . . . . . .  s^n’s’s* 

Lettering 

legend  ligbte - - 6. 2. 2. 2. 4 

viewing  equipnent - - - 5.10.4  6 

Level.  iUuaination  (illuminated  sights)  - . 5, 11. 3!  12 

Level,  Vibration 

.  5.8.5.I.]. 

proficiency . . . . . . . 5. 8. 4.1.1. 

safety  . — . . . . 5. 8. 4. 1.1. 

. . . . 2.1 

coding  . - . - . . . 5. 4. 3. 2  1 

coarse  setting  * - - - - - - - 5  14  0 

dimensions . . . . . . .  it  i  W,  , 


-  5.7. 1.3.2 

14^ 

-  5.9.12.10 

205^ 

-  5,4.3. 1.3.2 

92 

-  5.14.2,2 

240 

-  5.14.2.2.3 

240 

-  5.14.2.2.5 

240 

-  5.14.2,2.1 

240 

-  5,14.2.2.2 

240 

-  5.15.2.2.4 

240 

-  5. 2. 6. 7 

51 

-  5. 1.2.3. 1 

22 

-  5.14.2.4.8 

242 

-  5. 4.4.3 

120 

-  5.2.e.5.6 

50 

-  5.2. 2.2 

36 

-  5. 2. 2. 2. 2 

36 

•  5. 2. 2. 2. 4 

36 

-  5. 2. 2. 2. 6 

36 

5. 2. 2. 2. 3 

36 

5. 2. 2. 2. 1 

36 

5. 2. 2. 2. 5 

36 

5. 4. 3. 1.5 

97 

5. 4. 3. 1.5. 2 

97 

5. 4. 3. 1.5.1 

97 

6. 4, 3. 1.5. 3 

97 

S .  5. 5 . 4 

12^ 

5.14.1.1.5.3 

23™ 

5.5. 4. 3 

122 

5. 2. 2. 2. 5 

36 

5.2.fl.3.7 

46 

5. 2. 0.8.4 

51 

5.9. 13.3 

206 

5.15.4.3.7 

266 

5.15.2.2.4 

250 

S. 2. 3. 1.7.1 

39 

5.5. 5.5 

123 

6. 2. 2. 2. 4 

36 

5.10.4.6 

212 

5.11.3.12,4 

216 

S. 8. 4. 1.1. 3 

177 

5. 8. 4.1.  1.2 

177 

5. 8. 4. 1.1.1 

177 

5. 4. 3. 2.  1 

105 

5. 4. 3. 2. 1.2 

105 

5-1. 4.0 

25 

5. 4. 3, 2. 1.5 

105 

340 


INDEX 


Paragraph 


Page 


displaceneni  and  separation  -  5. 4. 3. 2. 1.7  105 

labeling  — . - . 5. 4. 3. 2, 1.3  105 

limb  support - — - -  5. 4. 3. 2. 1.4  105 

resistance - - - — - - — --- — --  5, 4. 3. 2. 1.6  105 

two-dimensional  setting  - - — - - -  5. 1.4. 7  25 

use . - . 5. 4. 3. 2.1.  1  105 

Lifting 

frequency  -  5.9.11.3.2  193 

limits . . .  5.9.11.3.1  192 

Lifting  aids 

man-transportability  -  5.11.1.2.3  215 

small  equipment  -  5.11.1.1.2  213 

Lifts,  fork  (visibility)  — -  5.12.5.9  228 

Light 

flashing . . . .  5.2.2. 1.19  35 

legend  - - —  5. 2. 2. 2  36 

master  caution,  definition  — — - -  3,43  13 

pen,  data  entry  — — -> — — — — — - - - - -  5.15.2.5  251 

pen,  linear  controls - - — — — — -- — 5.4.3. 2.7  114 

simple  indicator  — — — — - — — - -  5, 2. 2. 3  36 

Light  distribution 

multiple  displays - - - - - - -  5.2. 1.2.2  27 

optical  projection  displays  - - -  5. 2. 6. 6. 3  51 

visual  displays - — - —  5.2. 1.2  27 

Light  emitting  diodes,  LEDs  - — — - - -  5. 2, 6, 7  51 

color  coding  - - - — — - -  - - - - - 5.2.6. 7.4  52 

general  - - - -  5. 2. 6. 7.1  51 

intensity  control  — — — - - 5. 2. 6. 7. 3  52 

lamp  testing  — - - 5.2. 8. 7. 5  52 

use  . .  5. 2. 6. 7. 2  52 

Light  filters  . —  5.11.3.15,1  219 

general  .  5.11.3.15.1,1  219 

use  . 5.11.3.15.1.2  219 

Light  pen,  linear  controls  — — — . - . .  5. 4. 3. 2, 7  114 

dimensions  and  mounting  — - - - -  5. 4. 3. 2. 7. 3  114 

dynamic  characteristics  -- — - - - - 5. 4. 3. 2, 7. 2  114 

use  .  5. 4. 3. 2. 7. 1  U4 

Lighting 

ambient  and  color-coding  exclusion - - - 5. 4. 1,4. 5. 5  72 

display  recosuundations  - - - - - — -  5,6.2  169 

emergency,  escape  exits  — - —  5.14.4.2.1  244 

optical  Instruments  — . . . . .  5.11.3.17  221 

Lighipen,  data  entry  (ueer-computer  interface)  - -  5.15.2.5  251 

actuation . . . . . . . .  5.15.2.5.3  251 

dimensions  and  mounting - - - -  5.15.2.5.2  261 

feedback - — — . - . - .  5,15.2.5.4  252 

use . - . - . - . 5.15.2.5.1  251 

Limb  eupport 

bail  control  .  5. 4. 3. 2. 4. 3  111 

levere  . - . 5. 4. 3. 2. 1.4  105 


341 


INDEX 


Limit  stops,  racks  and  drawers  - - - 

Limitations,  anthropometric  data  - - 

Limited  thernal  tolerance  zones - - — *— 

Limiting  dimensions,  anthropometric  data  - 

Limits 

adjustment  controls - - - 

carrying,  weight  - * - 

lifting,  weight  — - - 

Line  break,  automatic  (text/program  editing)  — - 

Line  of  sight - - - 

Linear  controls  — - — - — - — - — - - 

Linear  scales 

fixed  pointer  - 

moving  pointer - - - 

scale  indicators  - -- 

Lines 

drawing,  graphic  displays  - - - 

fixed  reference,  circular  scales  - — 

reticle,  illuminated  sights  - 

spacing,  labels  - — — — - - - 

thickness,  reticles  - 

trend,  graphic  displays  - 

width,  symbol  (head-up  display)  - - 

Linkage,  direct  (movement  relationships)  - 

Lists,  tabular  data  -- — - - 

arabio  numerals - — - - - - 

hierarchic  structure  for  long  lists  - - 

list  lines  - - - - — ...... — - 

marking  multiline  items  in  a  list 
vertical  extension 

vertical  ordering  in  multiple  columns  ------ 

Llstner  to  speaker  distance  (versus  noise  level) 
Load 

carrying  and  portability  — - - - - 

carrying,  amn- transportability  - - — - 

capacity,  lifting  vehicle  — - - - - 

distribution  of  work,  controls  - - - — 

fighting  and  existence  - - - - 

minimal  memory,  on  users  --- — -- — - — — ---- 

size,  weight  . . . . . -- 

Location 

control,  winches  -----, — - - 

controls  and  displays  labels 

critical  functions,  transl lluminatsd  displays 

displayed,  command  language  - - - - - 

equipment  labeling  - - - - 

handles  and  grasp  areas  - - - - 

hazardous.  adjustMnt  controls - - - 

instrument,  aerospace  vehicle  -- — - - - 

labels  ----------------- — -- — — ----- 


Paragraph 

Page 

5.B. 12.7 

205j 

5.6.3. 1 

US 

5.8. 1.8 

169 

5. 6. 3. 3 

143 

5. 9. 3. 4 

184 

5.9.11.3.5 

194 

5.9.11.3. 1 

192 

5.15.3.7.8 

262 

5.2. 1.4.3 

29 

5.4.3 

88 

5. 1.3. 6 

24 

5. 1.3.4 

24 

5.2.3. 1.4 

39 

5.15.3.6.17 

260  ■ 

5. 2. 3. 3. 3 

44 

5.11.3.12.6 

216 

5.5.5.13 

124 

5.11.3.11.1 

218 

5.15.3.6.5 

258 

5.14.1.1.5.6 

240 

5. 1.3.7 

24 

5.15.3.5.6 

257 

5.15.3.5.6.4 

5.15.3.5.6.6 

5.15.3.5.6.1 

257_ 

2sM 

25ll 

5.15.3.5.6.3 

257 

5.15.3.5.6.2 

257 

5. 15.3.5.6.5 

257 

5.0.3. 3 

175 

6.11.1 

213 

5.11.1.2,2 

215 

5. 12.0.5 

230 

S.4.I.  l.l 

67 

5.U.1 

213 

5.15.11.3 

277 

5.9.11.3.3 

193 

5. 12. 9. <.4 

231 

6. 5. 6. 2. 4 

126 

5.2.2.  1 ,7 

33 

5. 16.4.5.7 

269 

5.5.6. 1.2 

124 

5.9.11.5.2 

203 

5.9.3. 6 

185 

5.14.1.2 

240 

5.5. 2. 2 

121 

342 


IlIDEX 


Paragraph  Page 

pedals  5. 4. 3.2. 8. 2  114 

transilluninated  displays - - - - - -  5.2.2. 1.6  33 

visual  displays - -  5.2. 1.4.1  29 

Location  and  arrangement,  control/display  integration  —  5. 1.2.2  22 

Location  and  arrangement,  visual  displays - -  5.2. 1.4  29 

access  5. 2. 1.4. 2  29 

aircrew  station  signals  - - -  5.2.1.4.13  32 

consistency - - - - - - - - - 5.2.1.4.10  32 

frequency  of  use  - - - - — - - -  5.2. 1.4.8  29 

function  and  sequence - - - - —  5. 2. 1.4. 7  29 

grouping  — - - - - - - - - - - 5.2. 1.4.6  29 
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orientation - - - - - - — - - 5.2. 1.4.3  29 
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Location -coding  — — - - - - — - - - -  5. 4. 1.4. 2  71 

Location  of  primary  controls - - - - - - - -  5.4. 1.3.3  68 
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landing  gear  - - - - -  5,12.7.1.4  229 

platform,  safety  -------------------------- — ---------  5.13,6.1  235 

positive,  bortsighting  -------------------------------  5.11.3.16.7.1  222 

Look  and  latching  mechanisms,  remote  handling  equipment  -  5.10.1.4  211 

Look-unlock  resistance,  boresighting  - - - 6.11.3.18.7.2  222 

Locking  control,  vehicle  controls  S. 12.3.4  227 

Log-off  procedures  5.15.1.6  247 

Log-on  procedures - - — - - - — - — - - -  5,15.1,5  247 

automatic  display  - - - - -  5.15.1.5.1  247 

delay  5.1S.1.S.3  247 

feedback  - - —  5.15.1.5.2  247 
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Lubrication  - - - - - - - - - 5.9.5  185 

general  - - - - - - 5.9,5. 1  185 

labeling  - -  —  - - - - - 5. 9. 5. 2  106 

Luminance 

contrast,  definition  - - - - - 3.30  12 

contrast,  scale  indicators  - - - - 5.2. 3. 1.6  41 

control,  trant illumine ted  displays  -  5.2.2.1.10  34 
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Maintainer/operator  information,  combining - r - 5.2. 1.3.5  28 

Maintenance,  optical  equipment  — — — - — - -  5.11.3.18  221 
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critical  (ialluro  indications)  . . .  — . -----  5.0.17.1.3  208 

identification  — - — -- — — - - 5.9. 1.5  183 

indication,  (lags  - - - * - 5. 2. 6. 5. 5  49 
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power  assist - - - - - -  5.10.3.3  211 
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ganged  control  knobs  — - - - - - -  5. 4. 2. 2. 2. 4  81 

scale  - — _ — - 5.2.3. 1.5  39 
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major,  numerals  — - - - - - - - - - - -  5.2.3. 1.6.1  39 
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coding  — - - - - - 
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general  - - - - - - - . 

indirect  viewing  — - - - - 

lettering - - - * - - 
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viewing  angle - - - 5.10c4.3  212 

Viewing  threshold,  illuaination  (remote  handling)  — --  5.10.5.2  212 

Viewpoint,  user  (conunand  language)  -  5.15.4,5.2  269 

Viaibility,  grownd/shipboard  vehicles - - — - - 5.12.5  227 

fork  lifts  . . . .  5.12.5.9  228 

glare . . . — .  5,12.5.6  228 

ground  view -  5,12.5.3  227 

night  operation . - . 5.12.5.1  227 

rear  view  (road)  -  5.12.5.5  228 

rear  view  (vehicle)  — - -  5.12.5.4  228 

visual  field  .  5,12.5.2  227 

windabielda  and  windows  - - -  5.12.5.7  228 

windshield  wipers  and  washers  - - - 3.12.5.8  228 

Visibility 

cranes,  materials  handling  and  construction  -  5.12.8.6  230 

beating  and  ventilation  (vehicles)  — 5.12.6.3  228 

labeling,  continuous  adjustment  thumbwheel  controls  *"  S. 4. 2. 2, 3. 5  84 

plotters  and  recorders - - - —  5. 2. 6, 4. 2  48 

printers - 5, 2. 6. 3. 2  48 

thuobtPdkeel  controls,  discrete - - - -  5.4.2. 1.3.6  79 

vehicle - - - — — — - - - - — 5.i2,5  228 

Visibility  and  legibility 

labels  . . . 5. 5. 4, 3  122 

legend  lights  - - - — - - — - -  S. 2. 2. 2.5  36 

Vision,  unobstructed  (windows,  canopies,  and  windshields)  S.14.l.i.4  239 
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Visual 

access,  access  openings  and  covers . - . 5. 9. 9. 6  190 

aocottodation,  optical  instruments  .g, U, 3. 2  215 

field,  location  and  arrangement  5.2. 1.4.6  29 

Held,  visibility  (vehioUs)  . . . — 5.12,5.2  227 

perforsMknee  (windows,  canopies,  and  windshields)  -- —  5. 14. 1  a.  i  239 

Visual  displays  — —  - - - - -  5,$  27 

alsrting/warniftg  - - - - - —  5.2.1, 1  27 

general  5.2.1  27 

relation  to,  audio  warnings  . . . . . . S.5.2,4  37 

use  with  audio  signals  — - - - - 5.3  1.7  65 

Vocal  criteria,  verbal  warning  signals  - - — - 5.3.5, 3  60 

delivery  style  ----- . — . . . . .  5.3. 5. 3. 2  60 

type  of  voice  . * . . 5.3.5. 3.1  60 

Voice 

eomaunication.  «<|uipuMsnt .  operating  controls  ------- —  5.3.10  64 

coaaunication  systems,  intelligibility - -  5.3.12.2  65 

level  versus  ambient  noise  — - — . —  5. a. 3. 3  175 

type  of  (verbal  signals)  - - - — - -  5.3.5  3.1  60 

Voltage  exposure,  electrical  hazards - - -  5.13.7.1.3  236 

Voltage,  high  (electrical  hazards)  . . - . .  5.13.7.1.4  236 

Volume  Control,  audio  warning  devices  - - - - 5. 3. 6. 4  61 

automatic  or  manual  - - - - - - - 5. 3. 6. 4. 1  61 

caution  Signal  controls  — — - -  5. 3. 6. 4. 3  62 
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ganging  to  mod*  switches  - - - - - 5. 3. 8. 4. 2 

voice  coamunication  equipment  5.3.10.1 


Warning 

alerting,  visual  displays  — - - - — ►---- — g.2.1.1 

displays,  seated  consoles - - - - - -  5. 7. 3. 8 

lights,  trans illuminated  displays  - — -  5.2.2. 1.5 

placards,  hazards  and  safety - - - - —  S.  13.2.1 
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signal,  master  caution  {definition'  - - 3,41 

signals,  audio  warnings - - - - —  5.3.2. 1 

signals,  critical  (message  catageries)  -  S. 3. 5. 6.1 

Warning  devices,  audio  (controls  for)  - — - —  5.3.6 

automatic  or  manual,  volowe  control  — ---------- — — —  5. 3. 6.4.1 

automatic  qr  manual  shutoff . . — — —  5. 3. 6.1 

automatic  reset - - - - - - - - - 5. 3.6.2 

caution  signal  controls  - - - — - - - -  5. 3. 6. 4. 3 

duration  - - - — - — — -  5, 3. 6,5 

duration  limiu  -------- — — - - - 5. 3,6.6 

ganging  to  owde  switches  — - - - - - — - - - —  5. 3. 6. 4. 2 

redundant  visual  warning  • — - . 5. 3. 6.3 

voiussi  control  5. 3. 6. 4 

Warning  of  threat#  to  security,  data  protection  5.15.8.13.2 

Warning  signal  characteristics,  audio  - -  5.3. 3 

compatibility  with  acoustical  environment,  intensity  »  5. 3. 3. 2.1 
oompatibillty  with  clothing  and  equipment,  intensity  >■  5. 3. 3. 2, 2 

discomfort,  intensity  . . 5.3, 3. 2. 3 

frequency  . . — - - - - - •—  5,3,3. 1 

intensity  5, 3. 3. 2 

range,  frequency  . - . . . . — -  s.3.3.1.1 

spurious  *i goals,  frequency  - - - 5,3.3. 1.2 

Warning  signals,  verbal  - -  5.3.5 

critical  warning  signals  - 5, 3. 5.6.1 

delivery  style  - - — 5.3. 5, 3.2 

intensity . . . . . . . . 5. 3. 5. 2 

flwssage  eatagorlei  ------- — — - - - - - —  S.3.S.6 

message  content  - - — -.-x.- — 5. 3.5,5 

message  priorities  . . . . . . 5. 5. 5. 6. 2 

nature  of  signals  ---------- . . . 5.3.5.  l 

speech  procaifting  - - §.3.5.4 

type  of  voice  — - - - - - - -  5. 3, 5. 3.1 

vocal  criteria  - - -  —  - - S.3.5.3 

{  Warnings,  audio  (audio  displays)  - - - - - -  5.3.2 

\J  caution  signals  - - - — . . . . .  5. 3. 2. 3 

nature  of  signals  - - — — — - - - —  5. 3. 2. 2 

relation  to  visual  displays  - - - - 5.3. 2.4 

single  element  signal  . . . 5. 3. 2. 2. 2 

two  element  eignals - - - - - - —  5.3. 2. 2. 1 
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warning  signals  — — - - - 5.3.2.  i 

•toight,  binoculara/bioculara  - 5.11.3.13.6 

Weight,  aafety  labeia  and  placards 

capacity  — - - - - - - - - - - -  5.13.2.3 

center  of  gravity,  and  - — —  5.13.2.2 

Weight.  fBkall  syateBS  and  equipment 

portability - - — - —  5.11.1.1.1 

transportability  by  personnel  - -  5.11,1.2.1 

Weight,  unit  design  for  efficient  handling - — - - 5.9.11.3 

carrying  frequency - - - - - - 5.9.11.3.9 

carrying  lisdts - - - - - - - - — —  5.9.11.3.5 

labeling . - . - .  5.9.11.3.9 

lifting  frequency - - - S. 9. 11.3.2 

lifting  limits . . - . -  5.9.11.3.1 

load  else - - - - - - - - - - -  5.9.11.3,3 

object  carry  site  — — — — — — - - -  5.9,11.3,7 

obstacles  — — — — - - - — - - - — 5.9.11.3.4 

user  population  - - - - - -  5.S.U.3.8 

Wet  bulb  globe  teaperature  (WBQT)  ,  definition - - -  3.72 

Whola  body  vibration  — — — - - - — —  5.S.4.1 

building  vibrations  -- — - - - - - — ' — 5,6.4. 1.2 

comfort  level  — - — — - - - - -  6.8.4. 1.1.3 

motion  sicness  ■s.fi.4. 1 . f..4 

proficiency  level  -- — 5, 6. 4. 1.1.2 
safety  level  9,6-,4.l.l.l 

vehicular  vibration  5.0.4.  l.i 

Whole-body  access  5,7. 0.3 

Wide  oharacteri.  design  of  label  characters  -—-  5. 5. 5,7 

Width,  design  of  label  characters 

litter . * . - . - . - .  8. 5. 5. 5 

numeral  . . . .  5.5. 5.9 

stroke,  dark  adaptation - 5. 5. 5. 9 

stroke,  noreal  - — — - - -  9. 5.5. 8 

stroke,  trans illuminated  characters  6.5.5.10 

Width,  panel  (horisontal  wrap-around  consoles - 5.7.9. 1. 1 

Width,  work  surface  (seated  operations)  5.7.3. 1 

Will,  definition  — — — - - - - — Formrd 

Winches,  automotive  subsystems  S.  12.9.4 

cable  unwinding - - - - — - - -  9.12,0.4.3 

clothing  C0B4»atibility  . * . . . — -  6.12.9.4.5 

control  location  - - - - — - - -  5.12.9.4.4 

instruction  plates  -- — - — 5.12.9.4.1 

operation  - - - - — — — 5.12.9.4.3 

Window,  display  (test/program  editing)  — - - -  5.15.3.7.3 

Windows,  canopies,  and  windshields  (aerospace  vehicles)  -  5.14.1.1 

angle  of  incidence  — - - — 6.14.1.1,3 

h«ad-up  displays - - - - — - - 5.14.1.1.5 

multilayered  windows  - - — 5.14.1.1.2 

unobstructed  vision  - - - - - - - - -  5.14,1.1.4 

visual  performance  - - - - - — - - -  5,14.1.1.1 
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Wind8bi«14s  *rd  windows,  vinlbiliiry  (vehicles)  — “* 
Windshield  wipers  end  washers,  visibility  (vehicles) 
Word  spacing,  design  of  label  charaetere  — 

Wording,  task-oriented  (query  language)  - - - 

Words  aarked.  aarkers  close  to  (display  coding)  ~ 

Work  areas  and  personnel  platforms  — - - — 

Work  load,  distribution  of  (controls)  - - - — - 

Work  platforms,  hydraulic-operated  - — — — 

Work  space,  aerospace  vehicle  coBpartM»nts 

dimensions - - - - - - 

layout  for  shared - - - - - 

Workspace  design  — - — - - - - - - 

common  working  positions - - — - - — - 

depth  of  work  area  - - - - 

general  — - - - - - - - - - — - 

general,  acoustical  noise  - - - - - - 

handies  - - - - — - - - 

ingress  and  egress  - - — * - 

kick  space - - - - - - — — ---> 

largo,  acoustical  noise  - - - - - - 

lateral  workspace  — - - - - - - - - 

seated  operations - - - - - - — "« — •- 

•pace  between  rows  of  cabinets  — 

special-purpose  console  design - — 

stairs,  stair- ladders,  fixed -ladders,  and  ?aag)s  — 
standard  console  design 

atanding  operations  — -- 

storage  space 
surface  colors  — 
work  ffpaoe 

iiorkspac*  hasards.  general  (batards  and  safety)  — * 

alerting  device  - - - - 

cmeriency  doors  and  exits  ^ 

iiiumination  - - 

obstructions 
stairs 

tbermai  contact  hazards  - — 
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(Set  i.varuetkms  >-  Remet  SUe) 


.  OOCUMeNT  NUMtEM 


2.  eOCUMCMT  TITLE 


3^  NAME  or  SUEMITTINO  ONQANIEATION 


k.  ADDnEn.(9N»*e.  City,  ttmU.  UtCtta) 


e.  AAOBLEM  AREAS 

A  k»ra«r*tkA  NumtMK  and  Wordina: 


k.  AacommandAd  Wordlita: 


A  TYRE  OR  OROANIZATIOki  fffca*  mtl 
□  VCNOOA 
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too  rigid,  reatrictive,  IcMoe,  ambignoua,  or  waa  i  i  -ompatible,  and  give  propoted  wording  changae  which  would  alleviate  the 
inoblcna.  Eater  in  block  fi  any  teraarka  not  rel  <ted  to  a  apeeiflc  paragnpii  of  the  document.  If  bloek  7  Jb  filled  out,  aiv 
acknowledgement  will  be  mailed  to  yoQ  within  10  daya  to  let  you  know  t'«-<t  your  eomnwnta  were  received  and  are  being 
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NOTE;  Thia  form  n»y  not  be  uaed  to  requeti  copiaa  of  docunwnta,  nor  tc  rerjueat  waivera,  deviationa,  or  eiarifMatian  of 
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MILITARY  STANDARD 

HUMAN  ENGINEERING  DESIGN  CRITERIA  FOR  MILITARY- 
SYSTEMS,  EQUIPMENT.  AND  FACILITIES 


TO  ALL  HOLDERS  OF  MIL-8TD~1472D: 

1 .  THE  FOLLOWING  PA£^  OF  MIL-$TD-1472D  HAVE  BEEN  REVISED  AND  SUPERSEDE  THE  PAGES 
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MAKE  THE 

FOLUMXNG  PEN  AND  INK  CHANCES 

a. 

Page  13, 

para 

3.45,  second  line:  Change  *4*  < 

to  *6.“ 

b. 

Page  23, 

para 

5, 1.2.3. 8. 

third  line:  After 

•eight,*  add  •(see  Fig  1).* 

c. 

Page  25. 

Add: 

*5.1. 4. 9  Visual  Display  _TerMinals  tVI/rs) .  See  5.16.” 

d. 

Page  34 , • 

para 

5.2.2.i.l2. 

second  and  fifth  lines:  Change  ■'3.17*.  to  “3.39 

e . 

Page  41, 

para 

5. 2. 3. 1.8, 

first  line;  Change 

•3.17“  to  *3.39.* 

r. 

Page  48, 

para 

5. 2. 6. 4. 3. 

first  line:  Change 

•3.17*  to  *3.39.' 

AMSC  N/A  AREA  HKAf 

Dlr.tribution  Statement  A.  Approved  Cor  public  release;  distribution  is  unlimited. 


g.  Page  49,  para  5. 2. 6. 5. 4,  first  line;  Change  *3.17“  to  *3.39.* 

h.  Page  51,  para  5 . 2 . 6 . 6 . 4 .3 . 1,  second  line:  Change  *3.18“  to  *3.40.* 

i.  Page  75,  para  5. 4. 2. 1.1. 5,  second  line:  Change  *3.17*  to  *3.3*1.* 

j.  Page  75:  para  5. 4. 2. 1.1. 6,  third  line:  Change  "opertor's*  to  'operator’s.* 

k.  Page  123,  para  5. 5. 5. 8,  title:  Change  to  "Stroke  width,  normal.' 

l.  Page  240,  para  5.14.2.1,  fifth  line:  Delete  ■MIL-L-87240 . * 
m  Page  287,  para  70.3,  sixth  line:  Delete  *(1985).* 

n.  Page  388,  Review  Activities,  first  line:  Delete  *MR.* 

o.  Page  388,  Review  Activities,  second  line:  Delete  "MS.* 

p.  Page  388,  Review  Activities,  third  line:  Delete  *26.* 

q.  Page  388,  Civilian  Agencies,  Change  *RDS*  to  *FAA.* 

3 .  RETAIN  THIS  NOTICE  AND  INSERT  BEFORE  TABLE  OF  aMJTENTS . 

4.  Holders  of  MIL-STD-1472D  will  verify  that  page  changes  and  additions  indicated 
above  have  been  entered.  The  notice  pages  will  be  retained  as  a  check  sheet. 

This  issuance,  together  with  appended  psges,  is  a  separate  publication.  Each 
notice  is  to  be  retained  by  stocking  points  until  the  Military  Standard  is 
coofiletely  revised  or  cancelled. 
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MIL- STD-1 472D 


FOREWORD 

1.  This  Military  Standard  has  been  approved  for  use  by  all  Departments 
and  Agencies  of  the  Department  of  Defense. 

2.  Beneficial  comments  (recommendations,  additions,  deletions)  and  any 
pertinent  data  which  may  be  of  use  in  improving  this  document  should  be 
addressed  to;  Commander,  US  Army  Missile  Command,  ATTN:  AMSMI-RD-SE-TD-ST, 
Redstone  Arsenal,  AL.  35898-5270,  by  using  the  self-addressed  Standardization 
Document  Improvement  Proposal  (DD'Form  1426)  appearing  at  the  end  of  this 
document  or  by  letter. 

3.  This  standard  establishes  general  human  engineering  criteria  for 
design  and  development  of  Military  systems,  equipment  and  facilities. 

Its  purpose  Is  to  present  human  engineering  design  criteria,  principles  and 
practices  to  be  applied  in  the  design  of  systems,  equipment  and  facilities 
so  as  to: 

« 

a.  Achieve  required  performance  by  operator,  control  and  maintenance 
personnel . 

b.  Minimize  skill  and  personnel  requirements  and  training  time. 

c.  Achieve  required  reliability  of  personnel -equipment  combinations, 

d.  Foster  design  standardization  within  and  among  systems. 

4.  This  standard  does  not  alter  requirements  for  system  development 
participation  of  human  engineering  specialists  to  Interpret  and  implement 
these  practices  and  to  provide  solutions  to  human  engineering  problems  which 
arise  and  which  are  not  specifically  covered  herein. 

5.  The  use  of  the  words  "shall,"  "should,"  "may,"  and  "will"  in  this 
standard  Is  In  accordance  with  HIL-STO-962,  wherein  "shall"  expresses  a 
provision  that  Is  binding,  "should"  and  "may"  express  nonmandatory  provisions, 
and  "will"  expresses  a  declaration  of  purpose  or  simple  futurity. 

6.  Requirements  herein  are  expressed  In  the  International  System  of  units 
(SI),  As  a  convenience,  the  metric  units  are  accompanied  by  their  approximate 
customary  system  equivalents  (in  parentheses).  Angular  measure  is  expressed 
in  radians  or  mi  111  radians,  except  for  45®,  90®,  180®,  360®,  etc.,  which  are 
shown  as  multiples  or  divisions  of  t  radians. 
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ANSI  S3. 5  Articulation  Index,  Methods  for  the  Calculation  of 

(Application  for  copies  should  be  addressed  to  the  American  National 
Standards  Institute,  Inc.,  1430  Broadway,  New  York,  NY  10018.) 

.•  AMERICAN  SOCIETY  FOR  TESTING  AND  MAT^IALS  (AS^M)  . 

ASTM  E  380  Metric  Practice,  Standard  for 

(^plication  for  copies  should  be  addressed  to  the  American  Society  for 
Testing  and  Materials,  1916  Race  Street,  Philadelphia,  PA  19103.) 

HUMAN  FACTORS  SOCIETY  (HPS) 

ANSI/HPS  100  AmericM  National  Standard  for  Human  Factors 

Engineering  of  Visual  Display  Terminal 
Vtorks tat ions 

(Applications  for  copies  should  be  addressed  to  the  Human  Factors  Society, 
Inc.,  P.O.  Box  1369,  Santa  Monica,  CA  90406 

INTERNATIONAL  ORGANIZATION  FOR  STANDARDIZATION  (ISO) 

ISO  DIS  2631  Guide  to  the  Evaluation  of  Human  Exposure  to  Whole 

Body  Vibration 

(Application  for  copies  should  be  addressed  to  the  American  National 
Standards  Institute,  Inc., 1430  Broadway,  New  York,  NY  10018.) 

SOCIETY  OP  AUTOMOTIVE  ENGINEERS  (SAE) 

SAE  J925  Minimum  Access  Dimensions  for  Construction  and 

Industrial  Machinery 

(Application  for  copies  should  be  addressed  to  the  Society  of  Autocootive 
Engineers,  400  Comeonwealth  Drive,  Warrandale,  PA  lb096-OOOX.) 

(Non -Government  standards  and  other  publications  are  normally  available  from 
the  organizations  that  prepare  or  distribute  the  documents.  These  documents 
also  may  be  available  in  or  through  libraries  or  other  Informational  services.) 

2.3  Order  of .  precedence .  In  the  event  of  a  conflict  between  the  text  of 
this  document  and  the  references  cited  herein,  the  text  of  this  document  takes 
precedence.  Nothing  in  this  document,  however,  supersedes  applicable  laws  and 
regulations  unless  a  specific  exemption  has  been  obtained. 


7 


Supersedes  page  7  of  14  March  1989 


MIL'-STD-1472D 


This  page  intent ioaally  left  blank 


8 


MIL-STD-1472D 
NOTICE  1 


In  the  absence  of  a  radiant  heat  source  (e.g.,  solar,  engine,  furnace),  a 
modified  Wet-Dry  {WD85)  index  should  be  used  where: 


WD85  =  ^  O-ISTa  • 

NOTE:  Unless  otherwise  indicated,  terns  of  equipment  divisions  are  defined  in 
accordance  with  MIL-STD-280. 
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NEM  t>AGE 


FIGURE  a  RELATIVE  POSITION  OF  SCALE  MARKS,  NUMERALS, 
AND  POINTERS  ON  CIRCULAR  DIALS 


MIL-STI)-1472D 
NOTICE  1 

in  rows  so  chat  all  pointers  line  up  horizontally  (£ov  vertical  scales)  or  in 
colunms  so  that  all  pointers  lino  up  vertically  (for  horizontal  scales). 

5. 2. 3. 3  Fixed_-DQinter.  movina-scale  indicators. 

5. 2. 3. 3.1  Numerical  progression.  On  fixed-pointer,,  moving  scale  indicators, 
numbers  shall  progress  in  magnitude  in  clockwise  direction  around  the  faces  of 
circular  dials  (counter-clockwise  dial  movement  for  numerical  increase).  On 
vertical  or  horizontal  straight  moving  scales,  numbers  shall  increase  from 
bottom- to- top  or  frcas  left-to-right. 

5. 2. 3. 3. 2  Orientation.  Numerals  on  moving  scales  shall  be  upright  when  in 
the  reading  position. 

5. 2. 3. 3. 3  Al,igQaen,fc„.gt  cointer  or  for  circular 

scales,  alignment  of  the  pointer  or  fixed  reference  line  shall  be  in  the  12 
o'clock  position  for  right-left  directional  information  and  in  the  9  o'clock 
position  for  up-down  information.  For  purely  quantitative  information,  either 
position  may  be  uaed. 

5. 2. 3. 3. 4  Setting.  If  the  display  will  be  used  for  setting  in  a  value 
(e.g.,  tuning  in  a  desired  wavelength),  the  unused  portion  of  the  dial  face 
shall  be  covered,  and  the  open  window  shall  be  large  enough  to  permit  at  least 
one  numbered  graduation  to  appear  at  each  side  of  any  setting. 

5. 2. 3.3.5  Tracking.  If  the  display  will  be  used  for  tracking,  as  tn  the 
case  of  a  directional  indicator,  the  whole  face  of  the  dial  shall  be  exposed. 

S . 2 . 3 . 3 ■ 6  ttevina  tape  diaplava ■  When  the  scale  length  required  for 
acceptable  readout  accuracy  exceeds  the  limits  of  the  display  packaga  capacity 
(i.e.,  compaction  of  scale  marking  would  make  the  display  illegible  or  subject 
to  readout  error),  moving  tape  scale  format  may  be  used. 

5. 2. 3. 3. 7  Canposibe.  acnlar/picbarial  jjiaclayjB «  combinations  of  scales, 
pointers,  and  pictorial  symbols  may  be  used  to  combine  functionally -related 
Information  into  a  single  instrument  or  display  (e.g.,  artificial  horiton* 
coetnand  heading,  true/relative  bearing).  Design  of  significant  reference 
features  (e.g..  aircraft  or  ship  symbols,  horizon,  altitude  or  pitch  scales) 
shall  conform  to  the  general  criteria  herein  for  directioto-of-motion,  scale- 
pointsr  relationships,  and  legibility. 

5.2.4  Cabhc^g.  ray,  bwhc  iCRTl, , .dUplaxa-  CRTs  shall  conform  to  the  provisions 
below,’  however,  where  e  CRT  is  part  of  a  visual  display  terminal  used  for  text 
processing,  data  entry,  or  data  inquiry  applications  in  an  office  environment 
or  equivalent,  see  5.16. 

5. 2. 4.1  Signal  size.  When  a  target  of  complex  shape  is  to  be 
distinguished  from  a  nc»i-target  shape  that  is  also  complex,  the  target  signal 
should  subtend  not  less  tlian  6  mrad  (20  minutes)  of  visual  angle  and  should 
subtend  not  less  than  10  lines  or  resolution  elements.  Image  quality  sitall  be 
consistent  with  the  operator's  needs. 


44 


Supersedes  page  44  of  14  March  1989 


MIL-STD-1472D 


DIMENSIONS 

RESISTANCE  1 

DIAM 

Fingertip 

ETER 

1 

Thumb  or  Palm 

Minimum 

Maximum 

•.SmmianiUO 

ln.1 

ISmmOteiO 

3A  N  no  ot.) 

11  N  MOotJ 

I4h  tO<uJ 

&AN(30e«J 

3JB  M  no  oU  1 

33N  NOmJ  I 

OISFIACEMENT  | 

Fingertip 

\ 

Thumb  or  Palm 

Minimum 

Maximum 

3«nmiSNMK)* 

3Mmn/llM 

temM  (1.1/3  IaJ 

1  SEPARATION  1 

SiA#«  Finttr 

llllllll^l^llllll^ 

S 

> 

DIHteMt 

Fmtm 

thumb  or  Palm 

Minimum 

Praftmd 

13  mm  11/3  uO 

SOnwi  (3tnJ 

t  mm  ll/a  ln,l 

13  AMI  (1/3  (lO 

6  mm  l1/«  hO 

13  mm  (1/3tn.l 

aiAMiniAJ 

ISOamiNIaJ 

Note;  Abtere  date  ter  tmthmii  HMtlkatioa  For  ffovad  h*nc)  opcrstion, 
rntnicM  dtould  b«  cuiubiy  adjuited. 


FtGURE  11.  PUSHBUTTONS  (PlNGEB  OR  HAND  OPERATED) 
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requited,  cr  v/hen  load  oharing  among  limbs  is  desirable.  Becau.sc  toot- 
operated  sv.itches  are  susceptible  to  accidental  actuation,  their  uses  should 
be  limited  to  non-critical  or  infrequent  operations  such  as  press-to-tal'K 
communication  or  vehicle  headlight  dimming. 

5. 4. 3. 1.2. 2  Operation .  Foot  switches  shall  be  positioned  for  operation  by 
the  toe  and  the  ball  of  the  foot  rather  than  by  the  heel.  They  shall  not  be 
located  so  near  an  obstruction  that  the  operator  cannot  center  the  ball  of  the 
foot  on  the  switch  button.  A  pedal  may  be  used  over  the  button  to  aid  in 
locating  and  operating  the  switch.  When  the  switch  may  become  wet  and 
slippery,  the  switch  cap  surface  should  possess  a  frictional  surface  to 
minimize  the  possibility  of  the  foot  slipping  off  the  switch. 

5. 4. 3. 1.2. 3  Dimensions,  resistance,  and  displacement.  Dimensions, 
resistance,  and  displacement  of  foot-operated  switches  shall  conform  to  the 
criteria  in  Figure  12.  Although  not  recommended  (i.e.,  only  one  switch  per 
foot  is  preferred) ,  when  one  foot  is  required  to  operate  more  than  one  switch, 
such  switches  shall  be  at  least  75  natt  (3  in.)  apart  (horizontal);  200  mm  (8 
in.)  apart  (vertical). 

5. 4. 3. 1.2. 4  Feedback .  A  positive  indication  of  control  actuation  shall 
be  provided  (e.g.,  snap  feel,  audible  click,  associated  visual  or  audio 
display  change) . 


5. 4. 3. 1.3  Keyboards .  Keyboards  shall  conform  to  the  provisions  below; 
however,  where  a  keyboard  is  part  of  a  visual  display  terminal  used  for  text 
processing,  data  entry,  or  data  inquiry  applications  in  an  office  environment 
or  equivalent,  see  5.16. 

5. 4. 3. 1.3.1  Use.  Arrangements  of  push  buttons  in  the  form  of  keyboards 
should  be  used  when  alphabetic,  numeric,  or  special  function  information  is  to 
be  entered  into  a  system. 

5. 4. 3. 1.3. 2  Layout  and  configuration.  The  key  configuration  and  the  number 
of  keys  are  dependent  upon  the  predcxninant  type  of  information  to  be  entered 
into  the  system.  The  major  forms  that  keyboards  can  take,  which  aid  in  the 
entry  of  such  information,  are  given  below: 

a.  Numeric  keyboard.  The  configuration  of  a  keylsoard  used  to  enter  solely 
numeric  information  should  be  a  3  X  3  +  1  matrix  with  the  zero  digit  centered  on 
the  bottom  rovr. 

b.  Alpha-numeric  keyboard.  Keyboard  configurations  for  entry  of  alphal>etic 
and  some  numeric  information  shall  conform  to  MIL-STD-1280 .  For  some 
applications  the  entry  of  data  varies  from  primarily  alphabetic  to  primarily 
numeric.  For  these  applications,  two  alternatives  are  preferred:  Provide  a 
keyboard  of  the  type  shown  in  Figure  2  of  MIL-STD-1280  (where  there  is  no 
separation  between  alphabetic  and  numeric  characters)  or  provide  a  separation  to 
emphasize  the  two  separate  functions,  with  the  numeric  keyboard  located  to  the 
right  of  the  standard  keyboard. 

5. 4. 3. 1.3. 3  Diniens.igt?.s.t,  resist, a, nee.,, dlsplacemen£.t...aiid..!a.ep,ai:a.t;iQD-  The 

control  dimensions,  resistance,  displacement,  and  separation  between  adjacent 
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5  •  V-’orkxnace  def.ian  . 

b.V.l  Gerieral  .  llnlpr..':.  '*’i t:!?  noted,  the  following  criteria  apply  to 

ground  installations  and,  as  practical,  to  airborne  and  shipboard 
installations;  however,  where  a  visual  display  terminal  is  used  for  text 
processing,  data  entry,  or  data  inquiry  applications  in  an  office  environment 
or  equivalent,  see  5.16. 

5. 7. 1.1  Kick  space.  All  cabinets,  consoles,  and  work  surfaces  that  require 
an  operator  to  stand  or  sit  close  to  their  front  surfaces  shall  contain  a  kick 
space  at  the  base  at  least  100  ram  (4  inches)  deep  and  100  ram  (4  inches)  high 
to  allow  for  protective  or  specialized  apparel. 

5. 7. 1.2  Handles.  Handles  on  cabinets  and  consoles  shall  be  recessed 
whenever  practicable,  to  eliminate  projections  on  the  surface.  If  handles 
cannot  be  recessed,  they  shall  be  designed  such  that  they  shall  neither  injure 
personnel  nor  entangle  clothing  or  equipment. 

5. 7. 1.3  Work  space.  Whenever  feasible,  free  floor  space  of  at  least 
1.220  m  (4  feet)  shall  be  provided  in  front  of  each  console.  For  equijxnent 
racks  that  require  maintenance,  free  floor  space  shall  be  provided  in 
accordance  with  the  following  criteria. 

5. 7. 1.3.1  Deotli  of  work  area .  Clearance  from  the  front  of  the  rack  to  the 
nearest  facing  surface  or  obstacle  shall  be  not  less  than  1.070  m  (42  inches). 
The  minimum  space  between  rows  of  cabinets  shall  be  200  mm  (8  inches)  greater 
than  the  depth  of  the  deepest  drawer  (equipment) . 

5. 7. 1.3. 2  Lateral  work  space.  The  minimum  lateral  wor)tspace  for  racks 
having  drawers  or  removable  equipment  shall  be  as  follows  (measured  from  the 
drawers  or  equipment  in  the  extended  position) : 

a.  for  racKf:  having  drawers  or  removable  items  weighing  less  than  20  kg 
(44  pounds):  460  mm  (18  inches)  on  one  si(^e  and  100  mm  (4  inches)  on  the 
other, 


b.  for  racks  having  drawer."?  or  removable  items  weighing  over  20  kg  (44 
pounds) :  460  mm  (18  inchen)  on  each  side. 

5. 7. 1.3. 3  Space  between  rows  of  cabinets .  The  minimum  space  between  rows 
of  cabinets  shall  be  200  mm  (8  inches)  greater  than  the  depth  of  the  deepest 
drawer  or  cabinet . 

5. 7. 1.3. 4  Storage  ■soace.  Adequate  and  suitable  space  shall  be  provided  on 
consoles  or  immediate  work  space  for  the  storage  of  manuals,  worksheets,  and 
other  materials  that  area  required  for  use  by  the  operational  or  maintenance 
personnel. 

5.7.2  abandina...og.erations 

5. 7. 2.1  Work  surface.  Unless  otherwise  specified,  work  surfaces  to  support 
documents  such  as  job  instruction  manuals  or  worksheets  shall  be  915  ±,15  mm 
(36  ±0.6  inches)  above  the  floor. 
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5. 7. 2. 2  Display  placement,  normal.  Visual  displays  mounted  on  vertical 
panels  and  used  in  normal  equipment  operation  shall  be  placed  between  1.040  m 
(41  inches)  and  1.780  m  (70  inches)  above  the  standing  surface. 

5. 7. 2. 3  Display  placement,  special.  Displays  requiring  precise  and 
frequent  reading  shall  be  placed  between  1,270  m  (50  inches)  and  1.650  m 
(65  inches)  above  the  standing  surface. 

5. 7. 2. 4  Control  placement,  normal.  All"  controls  mounted  on  a  vertical 
surface  and  used  in  normal  equipment  operation  shall  be  located  between  860  mm 
and  1.780  m  (34  and  70  inches)  above  the  standing  surface. 

5. 7. 2. 5  Control  placement,  special.  Controls  requiring  precise  or  frequent 
operation  and  emergency  controls  shall  be  mounted  between  860  mm  and  1.350  m 
(34  and  53  inches)  above  the  standing  surface  and  no  farther  than  530  mm  (21 
inches)  laterally  from  the  centerline, 

5.7.3  Seated  operations. 

5. 7. 3.1  Work  surface  width  and  depth.  A  lateral  workspace  of  at  least 

760  mm  (30  inches)  wide  and  400  mm  (16  inches)  deep  shall  be  provided  whenever 
practicable. 

Work  surface  height.  Desk  tops  and  writing  tables  shall  be  740  to 
790  mm  (29  to  31  inches)  above  the  floor,  unless  otherwise  specified. 

5. 7. 3. 3  Writing  surfaces.  Where  a  writing  surface  Is  required  on  equipment 
consoles,  it  shall  bF  at 'least  400  mm  (16  inches)  deep  and  should  be  610  mm 
(24  inches)  wide,  when  consistent  with  operator  reach  requirements, 

5. 7. 3. 4  Seating. 

5. 7. 3. 4.1  Compatibility.  Work  seating  shall  provide  an  adequate  supporting 
framework  for ’the  body  relative  to  the  activities  that  must  be  carried  out. 
Chairs  to  be  used  with  sit-down  consoles  shall  be  designed  to  be  operationally 
compatible  with  the  console  configuration. 

5. 7. 3. 4. 2  Vertical  adjustment.  Provision  shall  be  made  for  vertical  seat 
adjustment  f roni  380  to  ?35 "rtim "(IS  to  21  Inches)  In  Increments  of  no  more  than 
25  mm  (1  inch)  each, 

5. 7. 3. 4. 3  Backrest .  A  supporting  backrest  that  reclines  between  1745  and 
2005  mrad  ( lOB  anc(H5  degrees)  shall  be  provided.  The  backrest  shall  engage 
the  lumbar  and  thoracic  regions  of  the  back,  and  shall  support  the  torso  in 
such  a  position  that  the  operator's  eyes  can  be  brought  to  the  “Eye  Line“  with 
no  more  than  75  ram  (3  inches)  of  forward  body  movement. 

5. 7. 3. 4. 4  Cushioning.  Where  applicable,  both  the  backrest  and  seat  shall 
be  cushioned  with  at  least  25  mm  (1  inch)  of  compressible  material  and 
provided  with  a  smooth  surface. 
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0  10  20  30 

ENCLOSURE  VOLUME  (m^/PERSON) 

FIGURE  39.  VENTtLATlON  REQUIREMENTS 


fuel  handler  suite,  body  armor,  arctic  clothing,  and  temperature  regulated 
clothing  are  required  and  worn,  a  comfort  micro-climate  between  20*^0  (68**?), 

14  mm  Hg  ambient  water  vapor  pressure  and  35°C  (95®F),  3  ntn  Hg  ambient  water 
vapor  pressure  is  desirable  and,  where  possible,  shall  be  maxntalned  by  heat 
transfer  systems. 

5.5.1.7  Ihenn&l,  t0lCi:aace,and.»g0intgrt,.agagB •  Temperature  and  humidity 
exposure  should  not  exceed  the  effective  temperature  limits  given  in  Figure  40 
when  corrected  for  air  velocity  (Figure  39). 

5.8.1. 8  limited  thermal  tolerance  zones.  Where  hard  physical  work  is  to 
be  required  for  more  than  two  hours,  an  environment  not  exceeding  WBOT  or  WD 
index  of  25®  C  (77®F)  shall  be  provided.  Wiore  the  wearing  of  protective 
clothing  systems  (which  reduce  evaporation  of  sweat  from  the  skin)  is 
required,  this  Index  shall  be  decreased  5®C  (10°F)  for  complete  protective 
uniforms,  4°C  (7°F)  for  intermediate  clothing  systems,  and  3®C  {5®F)  for  body 
armor. 


5.6.2  piu^fniryanee.  Where  equipment  is  to  be  used  in  enclosures  and  is  not 
subject  to  blackout  or  special  low-level  lighting  roquiremuits,  illumination 
levels  shall  be  as  specified  by  table  XXI  and  shall  be  distributed  so  as  to 
reduce  glare  and  specular  reflection.  Capability  for  dimming  shall  be 
provided.  Adequate  illumination  shall  be  provided  for  maintenance  tasks. 
General  and  supplementary  lighting  shall  be  used  as  appropriate  to  ensure  that 
illumination  is  compatible  with  each  task  situation.  Portable  lights  should 
bo  provided  for  personnel  performing  visual  tasks  in  areas  where  fixed 
illumination  is  not  provided.  For  display  lighting,  see  Table  XXII.  For 
illumination  characteristics  ( illuminance,  glare,  balance,  and  specular 
reflectance)  of  VDTs,  see  5.16. 
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not  move  beyond  the  display  boundaries  and  disappear  from  sight.  If  the 
cursor  is  moved  by  depressing  a  key,  releasing  the  key  shall  cause  the  cursor 
to  stop  moving . 


5.15.2.1.8.3  Home  position.  The  home  position  for  the  cursor  should  be 
consistent  across  similar  types  of  displays. 

5.15.2.1.8.4  Explicit  actuation.  A  separate,  explicit  action,  distinct  fresn 
cursor  position,  shall  be  required  for  the  actual  entry  (e.g.,  enabling, 
actuation)  of  a  designation  position. 

5.15.2.1.8.5  Consistent  aositionina.  Where  cursor  positioning  is 
incremental  1:^  discrete  steps,  the  step  size  of  cursor  stovement  shall  ba 
consistent  horizontally  (i.e.  in  both  right  and  left  directions),  and 
vertically  (in  both  up  and  down  directions). 

5.15.2.1.8.6  Keyboard  cursor  control.  When  position  designation  is 
required  in  a  task  enqphasizlng  keyed  data  entry,  cursor  control  should  be  by 
some  device  integral  to  the  keyboard.  If  cursor  moymoent  is  accooplished  by 
depressing  keys,  the  keys  shall  be  located  on  the  main  keyboard. 

5.15.2.1.8.7  Movoment  relationships.  The  response  of  a  cursor  to  control 
movements  shall  be  consistent*,  predictable,  and  con^atibla  with  the  user's 
expectation.  For  cursor  control  Isy  key  action  a  key  labeled  with  a  left¬ 
pointing  arrow  should  move  the  cursor  leftward  on  the  display;  for  cursor 
control  by  joystick,  leftward  movement  of  the  control  should  result  in 
leftward  movement  of  the  cursor. 

5.15.2.1.9  AbbiSYiftt lgn6.t..iaigaBalC&,,.oatiLCPdg6 •  when  abbreviations, 
mnemonics,  or  codes  are  used  to  shorten  data  entry,  they  shall  be  distinctive 
and  have  a  relationship  or  association  to  normal  language  or  specific  job- 
related  terminology.  Abbreviations  should  be  the  same  length,  the  shortest 
possible  that  will  ensure  unique  abbreviations. 

5.15.2.1.10  Explicit  delate  action.  Data  deletion  or  cancellation  shall 
require  an  explicit  action,  such  as  the  depression  of  a  DELETE  key. 

5.15.2.1.11  Chance,  of  data.  Where  o  user  requests  change  (or  deletion)  of 
a  data  item  that  is  not  currently  being  displayed,  the  option  of  displaying 
the  old  value  before  confirming  the  change  should  be  presented. 

5. 15. 2. 1.12  Single  method  of  data  entry.  Data  entry  methods  and  data 
displays  should  not  require  the  user  to  shift  between  entry  methods. 

5.15.2.1.13  Data  entry  dlsolav .  Where  data  entry  on  an  electronic  display 
is  permitted  only  in  prescribed  areas,  a  clear  visual  definition  of  the  entry 
fields  shall  be  provided. 

5.15.2.2  Keyboard .  Keyboards  shall  conform  to  the  provisions  below; 
however,  where  a  keyboard  is  part  of  a  visual  display  terminal  used  for  text 
processing,  data  entry,  or  data  inquiry  applications  in  an  office  environment 
or  equivalent,  see  5.18. 
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5.15.2.2.1  Use.  A  keyboard  should  be  used  to  enter  alphabetic,  numeric  and 
other  special  characters  into  the  system. 

5.15.2.2.2  Configuration.  Keyboards  shall  conform  to  MIL-STD-128C,  unless 
otherwise  specified  or  approved  by  the  procuring  activity. 

5.15.2.2.3  Timely  display.  Keyed  inputs,  except  security  items  such  as 
passwords,  shall  be  shown  on  the  display  in  accordance  with  the  values  in 
Table  XXVIII. 

5.15.2.2.4  length .  Except  for  extended  text,  the  length  of  individual  data 
items  shall  be  minimized. 

5.15.2.2.5  Justification.  When  entering  tabular  data,  the  user  shall  not 
be  required  to  right-  or  left-justify  tabular  data  entries.  The  system  shall 
automatically  justify  columnar  data  with  respect  to  decimal  systems  point, 
left  margin  or  right  item  margin,  depending  on  the  type  of  data. 

5.15.2.2.6  Humble  keypads.  Keyboards  used  in  systems  requiring 
substantial  numeric  input  shall  be  equipped  with  a  numeric  keypad. 

5.15.2.2.7  Minimization  of  keying.  The  amount  of  keying  required  should  be 
minimized* 

5.15.2.2.8  Minimization  of  shift  keying.  The  use  of  key  shifting  functions 
should  be  minimized  during  data  entry  transactions. 

5.15.2.2.9  Data  change.  In  keyed  data  entry,  means  shall  be  provided  to 
allow  users  to  ctiange  previous  entries.  If  necessary,  by  DELETE  and  INSERT 
actions. 


5.15.2.3  Fixed  function  (dedicated)  keys. 

5.15,2*3.1  Use.  Fixed  function  keys  (for  example,  ENTER)  should  be  used 
for  time-criti^,  error-critical ,  or  frequently  used  control  inputs. 

5.15.2.3.2  Standardization.  Fixed  function  keys  should  be  common 
throughout  the  system. 

5.15.2.3.3  Functional  consistency.  Once  a  key  has  been  assigned  a  given 

function,  it  shduVd  not  be  to  a  different  function  for  a  given  user, 

5.15.2.3.4  Availability.  Fixed  function  keys  should  be  selected  to  control 
functions  that  are  continuously  available;  i.e.,  lockout  of  fixed  function 
keys  shall  be  minimized.  At  any  step  In  a  transaction!  sequence,  however, 
function  keys  which  are  not  used  for  current  inputs  should  be  temporarily 
disabled  under  computer  control.  Mechanical  overlays  should  not  be  used  for 
this  purpose. 

5.15.2.3.5  Non-active  keys.  Non-active  fixed  function  keys  should  be 
replaced  by  a  blank  ^ey  oh  the  keyboard. 
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5.16  Visual  Display  Terminals  (VDTsK  Where  a  VDT  is  used  only  for  text 
processing,  data  entry,  and  data  inquiry  applications  in  an  office  environment 
or  equivalent,  the  VDT,  associated  furniture,  and  environments  in  which  the 
VDT  is  placed  shall  conform  to  ANSI/HFS  100;  however,  where  such  criteria  are 
not  specified  by  ANSI/HFS  100,  the  VDT,  associated  furniture,  and  environments 
shall  conform  to  applicable  provisions  herein. 
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1 0  SCOPE 

The  documents  listed  in  this  appendix  provide  supplementary  information, 
criteria,  and  guidance  that  may  be  used,  as  applicable,  to  assist  the  designer 
in  complying  with  the  requirements  of  this  standard.  Their  application  is  not 
to  be  regarded  as  mandatory,  unless  so  specified  by  the  procuring  activity. 

20  TRl -SERVICE  PUBLICATIONS 

MIL-HOBK-761  Human  Engineering  Guidelines  for  Management 

Information  Systems 

DOD-HDBK-763  Humaun  Engineering  Brocedurds  Guide 

MIL-K-46853  Human  Engineering  Requirements  for  Military  Systems, 

Equipment,  and  Facilities 

MIL-HDBK-141  Optical  Design 

TB  MED  81  Cold  Injury 

NAVMED  P-5052-29 
AFR  161-11 

CSC-STD-002-85  Oepartamnt  of  Defense  Password  Management  Guide 

(Fort  George  G.  Meade,  HDs  Department  of  Defense 
Security  Center.) 

30  ARMY  PUBLICATIONS 
30.1  ijgflUltttiQIia 
AR  40-10 


AR  40-14 


AR  385-16 


AR  700-52 
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Health  Hazard  Assessment  Program  in  Support  of  the 
Amy  Materiel  Acquisition  Decision  Process. 

Control  and  Recording  Procedures,  occupational 
Exposure  to  Ionizing  Radiation 

Safety  for  Systems,  Associated  Subsystems  and 
Equipment 

Licensing  and  Control  of  Sources  of  Ionizing 
Radiation 
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30.2  PaTPPhIcts  i<  Bulletins 


AMCP  706-134 
DA  PAM  40-501 
TB  MED  521 

TB  MED  270 


Maintainability  Guide  tor  Design  (AD  823  539) 
Hearing  Conservation 

Diagnostic  X-Ray,  Therapeutic  X-Ray,  and  Ganma  Beam 
Protection  for  Energies  up  to  10  Million  Electron 
Volts 

Control  of  Hazards  to  Health  from  Micro«tfave 
Radiation 


TB  MED  279  Control  of  Hazards  to  Health  from  Laser  Radiation 

TB  MED  288  Medical  Problems  of  Han  at  High  Terrestrial 

Elevations 


TB  MED  508  Cold  Injury 

30.3  ijaalaB-gcitfiria, 

MIL-HDBK-759  Human  Factors  Engineering  Design  for  Army  Materiel 

30.4 

AVSCCM  Study  to  Determine  the  Impact  of  Aircrew 

Report  75-47  Anthropometry  on  Airframe  Configuration. 

Natick  Laboratories  Reference  Anthropometry  of  the  Arctic  Equipped 
TR  EPT-2  Soldier  (AD  449  4831) 


Natick  Laboratories  The  carrying  of  Loads  Within  an  Infantry  Cocopany 
TR  73-51-CE  (AD  762  559) 

Natick  RDEC  Anthropometric  Survey  of  U.S.  Army  Personnel 

TR  89/827 


USAM4RDL  TR  71-22  Crash  Survival  Design  Guido  (Revised  1971) 

USAHEL  TM  4-77  A  Human  Factors  Evaluation  of  a  vertical  Scale 

InstruMent  Display  S/atem  for  the  OV-ID  Aircraft 
(AD  A03  6050) 


40  NAVY  PUBLICATIONS 
40.1  Manual 


NAVAIR  00-607-99  U.S.  Naval  Aerospace  I^ysiologist’s  Manual,  1972. 
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WAOC  TR  52-204 
WAOC  TR  54-520 
WAOC  TR  55-159 
WADC  TR  56-218 

UADC  TN  57-248 

UADD  TR  58-474 

UAOD  TR  60-814 


Handbook  of  Acoustic  Noise  Control  (AD  18  260) 

The  Anthroponetry  of  Work  Positions  (AD  110  573) 

Space  Requirements  of  the  Seated  Operator  (AD  87  892) 

Guide  to  the  Design  of  Electronic  Equipment  for 
Maintainability  (AD  101  729) 

Acoustical  Criteria  for  Work  Spaces,  Living  Quarters, 
and  Other  Areas  on  Air  Bases  (AO  130  839) 

The  Effect  of  Team  Size  and  Intermember  Cooanuni cation 
on  decislon-Maklng  Performance  (AO  215  621) 

Audio  Warning  Signals  for  Air  Force  Weapon  Systems 
(AO  258  477) 


50.3  Air  Force  Systems  Command  Design  Handbooks 


Copies  of  Air  Force  Systems  Corona nd  design  criteria  handbooks  may  be 
obtained  by  nongoverimental  organizations  when  compliance  therewith  is 
required  by  a  Government  contract,  or  when  possession  of  the  handbook  will 
otherwise  benefit  the  Government.  Requests  for  the  following  handbooks  should 
be  directed  to  4950/T2MH,  Wrlght-Patterson  AFB,  OH  45433; 

AFSC  OH  1-1  General  Index  and  Reference 

AFSC  OH  1-3  Hunan  Factors  Engineering 

AFSC  OH  1-6  System  Safety 

AFSC  OH  2-1  Airframe 


AFSC  OH  2-2  Crew  Stations  and  Passenger  Acconaodations 

AFSC  OH  2-3  Propulsion  and  Power 


AFSC  OH  2-6  Ground  Equipment  and  Facilities 

60  NATIONAL  AERONAUTICS  AND  SPACE  ADHINISTRATION  PUBLICATIONS 


60.1  Standards 


(Copies  of  the  following  documents  can  be  obtained  by  qualified 
requesters  from  fiSIS  Custodi8n/SP34,  NASA- Johnson  Space  Center,  Houston,  TX 
77058) 
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NAKA-STD-3tion,  Volumo  1  Man-Systcroc  Integration  Standards 
NASA  -STD-3000,  Volumo  11  Man-Systems  Integration  Standards-Appendices 
60.2  Book 

Copies  of  the  following  document  can  be  obtained  from  the  Superintendent 
of  Documents,  U.s.  Government  Printing  office,  Washington,  DC  20402 


NASA  SP-3006 


Bioastronautics  Data  Book,  Second  Edition, 
J.F.  Parker  and  V.  R.  West,  eds. 


VOLUNTARY  STANDARDS  AND  GUIDES 


Copies  of  the  following  standards  can  be  obtained  at  a  nominal  cost  from 
the  ANSI,  1430  Broadtway,  New  York,  NY  10018 


ANSI  A12.1 


ANSI  A14.3 


ANSI  C2 


ANSI  si.n 


ANSI  ?, 136.1 


Floor  and  Nall  Openings,  Railings,  and  Toeboards, 
Safety  Requirements  for 

Ladders-Fixed'Safety  Requireiaents 

National  Electrical  Safety  Code  (NBS  H30} 

Specification  for  Octave-Band  and  Fractional -Octave- 
Band  Analog  and  Digital  Filters  (ASA  6S) 

Safe  Use  of  Lasers 


70.2  Anggjgan .a.gcltt.Y..,Igx.. ■T.gatiAg.and.aaLtcrials •  copies  of  the  following 
document  can  be  obtained  ot  a  nominal  cost  from  the  American  Society  tor 
Testing  and  Materials,  1916  Race  Street,  Philadelphia.  PA  19103. 


ASTM  F  1166-88 


Standard  Practice  for  Human  Engineering  Design 
Criteria  for  Marine  Systems,  Equipment,  and 
Facilities 


Engineers  lASHRAEj  Copie.’;  of  the  following  documents  can  be  obtained  at  a 
nominal  cost  from  the  ASHRAE,  1791  Tullie  Circle.  NE,  Atlanta,  GA  30329 


ASKRAE  BS-81 


ASHRAE  61-81 


Thermal  Environmental  Conditions  for  Human  Occupancy 

Ventilation  for  Acceptable  Indoor  Air  Quality  Guide 
and  Data  Book  (latest  edition) 


<  IlJ>ua)iBatiatt.£OiBineciiaa.  ,sqcifl.tY-.( lSS),.g£..Ngrtii.,Aagrlga .  copies  of  the 
following  document  can  be  t^tained  at  a  nominal  cost  from  the  lES,  34S  East 
47th  Street,  Hew  York.  NY  10017 


lES  Lighting  MDBK  SEC  9  Application-87,  industrial  Lighting 
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MLfTARYSTANOAFtD 

HUMAN  ENGINEERING  DESIGN  CRITERIA  FOR  MUfTARY 
SYSTEMS.  EQUIPMENT  AND  FACLITIES 


TO  ALL  HOLDERS  OF  MU.^Tt>-U72D: 

1.  THE  FOaOWMG  PAGES  OF  MIL-STD-U720  HAVE  BEEN  REVISED  OR  CREATED  AND  SUPERSEDE  THE 


PAGES  USTED: 

NEWPAGE 

OATH 

SUPERSEDED  PAGE 

DATE 

V 

14  Match  1888 

V 

REPENTED  WITHOUT  CHANGE 

Vi 

30  June  1892 

Vi 

14M«ch1869 

87 

14  Match  1969 

87 

REPRMTED  WTTHOUTCHANGE 

88 

304urw1992 

88 

14  March  1989 

119 

30J(tna1992 

116 

14  March  1989 

120 

30Juna1S92 

120 

14  March  1989 

129 

30  June  19% 

129 

14  March  1989 

130 

30Jun«  1992 

130 

14  March  1989 

131 

30Jun«19S2 

131 

14  March  1989 

131a 

304UM1992 

NEW  PAGE 

N/A 

131b 

304un«1992 

NEW  PAGE 

N/A 

132 

30Jun«1992 

132 

14  March  1988 

1S3 

303un«l992 

133 

14  March  1989 

133« 

30  June  1892 

HEWPtm 

N'A 

133b 

30J(m«19a2 

ICWPAGE 

N/A 

134 

30Junaie92 

134 

14  March  1689 

135 

30Jun*t8S2 

135 

UMMch10e9 

13Sa 

30  Juno  1892 

tmtPfm 

N/A 

135b 

30JUM1892 

NEW  PAGE 

N/A 

136 

30Juna1892 

136 

14  March  1889 

136a 

30  4ana  1832 

HEWPAGE 

N/A 

137 

30Juna1932 

137 

14MMh1de9 

137a 

30Juii«1932 

NEW  PAGE 

N/A 

137b 

30Juri«19% 

NEWPAGE 

N/A 

138 

14Matdi1389 

138 

REPRWTEU  WITHOUr  CHANGE 

138 

30Jum1992 

139 

14  March  1989 

138a 

303un«1992 

»OVPAGE 

N/A 

139b 

30  June  1992 

few  PAGE 

N/A 

140 

30JIKM1992 

140 

l4M«ch1989 

141 

30Jun«1882 

141 

14  March  1969 

142 

30  Juba  1092 

142 

14  Match  1989 

143 

30Juna1892 

143 

14  March  1989 

144 

30JurMl9d2 

144 

14  Match  1068 

213 

30JurMl082 

213 

14M«eh1989 

214 

14  March  1889 

214 

REPRINIEO  WiTHOUT  CHANGE 

237 

30Juoa1982 

237  . 

uMvchiese 

238 

14  March  1989 

238 

REPRMIED  WITHOUT  CHANGE 

281 

303una1932 

281 

20Mah:^l99i 

282 

30  Juno  1992 

202 

20  March  1991 

283 

l4Maidi1389 

283 

REPRINTED  WITHOUT  CHANGE 

AMSC  N/A 

DISTRIBUTION  STATEMENT  A.  AoDtowBd  lot  pui>lic  raioasti;  disUiibulio/)  to  unlimKed. 
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NEWPAQE 

DATE 

SUPERSEDED  PAGE 

DATE 

284 

30  June  1982 

284 

14  March  1989 

2PS 

30  June  1992 

285 

14  March  1989 

286 

20  March  1991 

286 

REPRNTED  WITHOUT  CHANGE 

2.  MAKE  THE  FOLLOWING  PEN  AND  INK  CHANGES; 

a.  Page  iv,  para  5.4.6,  change  "119“  to  "120." 

b.  Page  16,  para  3.67, 2nd  line,  change  "test*  to  "text" 

c.  Page  44,  para  5.2.3.3.3,4th  line,  add  space  before '%>aL‘ 

d.  Page  44,  para  5.2.3.3.7, 5th  line,  change  "aliihide"  to  "attitude." 

e.  Page  44.  para  5.2.4, 3rd  line,  change  "5.16"  to  "5.15." 

f.  Page  60.  para  5.3.5.4, 5th  line,  change  "maybe"  to  "may  be." 

g.  Page  60,  para  5.3.5.4, 5th  line,  change  "3J24"  to  "3.51  .* 

h.  Page  159,  para  5.7.7 .6, 9th  line,  change  "75mm  (3  inches}"  to  "150  mm  (6  Inches)." 

i.  Page  171,  Table  XXIll,  delete  comma  after  "digital." 

j.  Page  175,  para  S.8.3.2, 2nd  line,  change  ‘MIL-8>008806"  to  *MIL>STD-1789." 

k.  Page  195,  para  5.8.1 1.4.1, 3rd  line,  change  "adjustment"  to  "value  for  females." 

l.  Page  215,  pare  5.11.12.2, 5th  line,  change  "16.3  kg  (36  lb)*  to  "18.5  kg  (41  lb).* 

m.  Page  215,  para  5.1 1 .1 2.2, 6th  line,  change  "24.5  kg  (54  lb)"  to  "27.7  kg  (61  lb)" 

n.  Page  241 ,  para  5.1 4.2.4.1 , 1  st  and  4th  sentences,  cliange  "restrains*  to  "restraints." 
0.  Page  241,  para  5.142.4.3, 2nd  line,  change  "2nrad"  to  ”2ji  rad." 

p.  Page  241 ,  para  5.142.4.5, 2nd  line,  ch»ige  "actuation"  to  "ability  to  actuate." 

q.  Page  263,  para  5.15.3.82,  add  "5.32.4." 

r.  Page  263,  para  5.1 5.3.8.5,  change  ■5.3.3.1 .1 "  to  ;5.3.3.1 " 

s  Page  264,  para  5.15.4.1.1,  "5.15.8"  to  "5.15.9* 
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t.  Page  275,  para  5.15.8.13.8, 3rd  line,  add  *(not  to  exceed  six  months).* 

u.  Page  307,  add  “Covert  operations . 5.13.9  237" 

V.  Page  372,  add  "Stealth  operations  -  -  -.-5.13.9  237" 

w.  Page  377,  add  Trainers . 5.13.8  237’ 

3.  RETAIN  THIS  NOTICE  AND  INSERT  BEFORE  TABLE  OF  CONTENTS. 

4.  Holders  of  MIL-STO-14720  will  veHfy  that  page  changes  and  additions  Indicated  above 
.  have  been  entered.  This  notice  page  will  be  retained  as  a  check  sheet  This  issuance, 
together  with  appended  pages,  is  a  separate  publication.  Each  notice  is  to  be  retained  by 
stocking  points  until  the  military  standard  is  completely  revised  or  cancelled. 


Preparing  activity: 
Army -Ml 


(Project  HFAC-0048) 


User  activities: 
Army-AL 
Navy- YD 

Civilian  agencies: 
NASA-MSFC 
DOT-RDS 


Custodians; 
Army  -  Ml 
Navy  -  AS 
Air  Force  •  1 1 


Review  activities; 

Army  -AR,  AT,  AV,  CR,  ER,  GU  ME,  MD.  MR,  TE,  TM.  EA 
Navy-  EC,  MC,  MS,  OS,  PE,  SH.  TO 
AirForce13,14.19,26 
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5.4^2.5.6  Stegfinp  wheel  shape.  Except  for  established  uses  in  submarines,  armored 
combat  vehicles,  aircraft,  and  other  applications  where  maximum  wheel  deflection  does 
not  exceed  ±2/3  icrad  (120**).  alt  steeririg  wheels  shall  be  round. 

5.4.2.2.5.7  Power  steering  failure.  Steering  systems  shall  be  designed  with  sufficient 
mechanical  advantage  to  meet  the  force  requirements  of  Table  IX.  even  when  the 
primary  operating  mode  is  power  assisted,  i.e.,  the  operator  shall  be  able  to  steer  the 
vehicle  to  a  safe  stop  In  the  event  of  a  power  failure. 

5.4.2.2.5.8  Steering  ratio.  Steering  systems  should  be  designed  so  that  the  maximum 
turning  limits  of  the  vehicle  can  be  achieved  with  no  more  than  3  j  turns  if  consistent 
with  force  limits  of  Table  IX. 


5.4.3  Linear  controls. 

5.4.3.1  Discrete  linear  controls. 

5.4.3.1.1  Push  buttons  ffinaer  or  hand  ooeratedi. 

5.4.3.1.1.1  jUsa.  Push  buttons  should  be  used  when  a  control  or  an  array  of  controls  is 
needed  for  momentary  contact  or  for  actuating  a  locking  circuit,  particularly  in  high- 
frequency-of'use  situations.  Push  buttons  should  not  be  used  for  discrete  contrd  where 
the  functions  status  is  determined  exciusiveiy  by  position  of  the  switch.  (I.e.,  An  on-off  push 
buton  that  is  pressed  in  and  retained  to  turn  a  circuit  on  and  pressed  again  to  releast  the 
push  button  and  turn  the  circuit  off.) 

5.4.3.1 .1.2  Shane.  The  push  button  surface  should  normally  be  concave  (indented)  to  fit 
the  finger.  When  this  Is  impractical,  the  surface  shall  provide  a  high  degree  of  frictional 
resistance  to  prevent  slipping. 

5.4.3.1 .1.3  Positive  indication.  A  positive  indication  of  control  actuation  shall  be  provided 
(e.g.,  snap  feel,  audible  dick,  or  Integral  light). 

S.4.3.1  .'l  .4  Channel  or  cover  guard.  A  channel  or  cover  guard  shall  be  provided  when  it  is 
imperative  to  prevent  accidental  actuation  of  the  controls.  When  a  cover  guard  is  in  the 
open  position,  it  shall  not  Interfere  with  operation  of  the  protected  device  or  adjacent 
controls. 


5.4.3.1.1.5  DlmflnslQns.,resistance.  dlSDlacemenL  and  separation.  Except  for  use  of  push 
buttons  in  keyboards,  control  dimensions,  resistance,  displacement,  and  separation 
between  adjacent  edges  of  finger  or  hand-operated  push  buttons  shall  conform  to  the 
oiteria  in  Pl^ure  1 1 . 


5.4.3.1 .1 .6  Interlocks  or  barriers.  Mechanical  Interlocks  or  barriers  may  be  used  instead  of 
the  spacing  required  by  Figure  1 1 . 


S.4.3.1 2  Footooetati 


I 


S.4.3.1 .2.1  Jisfi'  Foot-operated  switches  should  be  used  only  where  the  operator  is  likely 
to  have  both  hands  occupied  when  switch  actuatton  may  be 
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maximum  force  requirements  shall  not  exceed  those  specified  in  Figure  21 ,  and  should 
be  corrected,  where  applicable,  for  females.  (Two-thirds  of  each  value  shown  Is 
considered  to  be  a  reasonable  adjusbnent) 

5. 4.4.3  Foot  controls.  Where  foot  controls  requiring  high  control  forces  are  to  be  used, 
the  push  force  push  exerted  by  the  leg  depends  on  the  thigh  angle  and  the  knee  angle. 
Figure  22  specifies  the  mean  maximum  push  at  various  knee  and  thigh  angles.  The 
maximum  push  is  at  about  the  160  degree  angle,  referred  to  as  the  limiting  angle.  The 
values  of  Figure  22  apply  to  males  only  and  should  be  corrected  for  females.  (Two- 
thirds  of  each  value  is  considered  to  be  a  reasonable  value  for  females.) 


KNEE*ANOLE  till.  DCOREES 


FIGURE  22.  LEG  STRENGTH  AT  VARIOUS  KNEE  AND  THIGH  ANGLES 

(5th  PERCENTILE  MALE) 


5.4.5.1  iisfi.  Miniature  controls  may  be  used  only  when  severe  space  limitations  exist. 
Miniature  controls  shall  not  be  used  when  availat^e  space  is  adequate  tor  standard- 
sized  controls  or  when  heavy  gloves  or  mittens  will  be  worn. 

5.4.5.2  Dimensions,  resistance.  dlsDlaoement  and  separaHon.  When  design 
constraints  dictate  the  use  of  miniature  controls,  the  dimensions  and  separation  of  the 
controls  shall  be  the  maximum  permitted  by  the  available  space  up  to  the  maxima 
prescribed  herein  for  standard-sized  controls.  Resistance  and  dis^cement  of 
miniature  controls  should  conform  to  the  criteria  specified  for  the  standard  size  of  that 
type  of  control. 

54.5,3  Other  reguirements.  Other  design  considerations  (e.g..  labeling,  orientation) 
shall  conform  to  the  requirements  specified  for  the  standard  size  of  the  control. 
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5.4.6  Touch-screen  controte  for  displays 

5.4.6. 1  iisfi-  Touch-screen  control  may  be  used  to  provide  an  overlaying  control 
function  to  data  display  devices  such  as  CRTs,  dot  matrix/segmented  displays, 
electroluminescent  displays,  programmable  indicators,  or  other  disfi^ay  devices  where 
direct  visual  reference  access  and  optimum  direct  control  access  are  desired. 

6.4.6.2  Luminance -transmission.  When  used,  touch-screen  displays  shall  have 
sufficient  luminance  transmission  to  allow  the  display  with  touch-screen  installed  to  be 
clearly  readable  in  the  intended  environment  and  meet  the  display  luminance 
requirements  herein. 


5.4.6.3  Positive  indication.  A  positive  indication  of  touch-screen  actuation  shall  be 
provided  to  acknowledge  the  s^em  response  to  the  control  action.  Visual  feedback 
should  be  provided  for  touch-screen  acUjation. 


S.4.6.4  Dimensions  and  separation.  The  dimensions  and  separation  of  responsive 
areas  of  the  touch-screen  shall  conform  to  SI .  S2  and  Bw  of  Figure  14  for  a  seated 
operator  in  a  benign  environment  {An  adverse  environment  may  warrant  ta^r  sizes 
and  separations.) 


5.4.6.5  Resistance.  Force  required  to  operate  force-actuated  touch-screens  shall 
conform  to  the  alphanumeric  resistance  limits  of  Table  X. 


5.4.6.6  System  Display  Response  Time.  System  display  response  time  shall  be  not 
more  than  0.25  seconds. 
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5.6  Antl3£Q&ofiiel[y. 

5.6.1  General.  Design  and  sizing  shall  ensure  accommodation,  compatibility,  operability, 
and  maintainability  by  the  user  population.  Generally,  design  limits  shall  be  based  upon  a 
range  from  the  5th  percentile  female  to  the  95th  percentile  male  values  for  critical  body 
dimensions,  as  appropriate,  except  for  special  populations  (see  5.6.4).  For  any  body 
dimension,  the  5th  percentile  value  means  that  five  percent  of  the  population  will  be  equal 
to  or  smaller  than  that  value,  and  95  percent  will  be  larger;  conversely,  the  95th  percentile 
value  indicates  that  95  percent  of  the  population  will  be  equal  to  or  smaller  than  that  value 
and  five  percent  will  be  larger.  Therefore,  use  of  a  design  range  from  the  5th  to  95th 
percentile  values  will  theoretically  provide  coverage  for  90  percent  of  the  user  population 
for  that  dimension.  Where  two  or  more  dimensions  are  used  simltaneously  as  design 
parameters,  appropriate  multivariate  data  and  techniques  should  be  utilized.  (See 
Appendix  for  representative  references.)  The  limited  anthropometric  data  presented  in  this 
section  in  Figures  23  through  28  and  Tables  Xlil  through  XVill  are  intended  to  provide 
general  design  guidance  only.  OOD-HDBK'743  should  be  consulted  for  more  extensive 
data.  Use  of  these  data  shall  take  tfie  following  into  consideration: 

a.  The  nature,  frequency,  and  difficulty  of  die  related  tasks  to  be  performed  by 
the  operator  or  wearer  of  the  equipment. 


b.  The  position  of  the  body  during  performance  of  these  tasks. 

c.  Mobility  or  flexibility  requirements  imposed  by  these  tasks. 

d.  Increments  in  the  design-aitical  dimensions  imposed  by  the  need  to 
compensate  for  obstacles,  projections,  etc. 


e.  increments  In  the  design'critical  dimensions  imposed  by  protective  clothing 
or  equipment,  packages,  lines,  padding,  etc. 


5.6.2  Anthmoometric  Data.  The  anthropometric  data  presented  in  Tables  Xill  through 
XVIII  are  nude  body  dimensions;  data  are  given  in  centimeters,  with  equivalent  values  in 
inches  beneath  in  fKirentheses.  The  anttifoponwtric  data  shown  in  these  tables  were 
compiled  and  collated  from  several  sourws.  The  data  on  ’General  Forces  •  Male*  were 
compiled  from  the  1988  Anthropometric  Sunrey  of  U.S.  Army  Personnel  (ANSUR),  the 

1966  Anthropometric  Survey  of  U.S.  Marines  and  the  1965  Anthropometric  Survey  of  U.S. 
Air  Force  male  officers  and  enlisted  personnel.  The  data  on  ’General  Forces  -  Female’ 
were  compiled  from  the  ANSUR  and  the  1968  Anthropometric  Survey  of  U.S.  Air  Force 
female  officers  and  enlisted  personnel.  The  data  on  “Amiy  Pilots  •  Male’  were  compiled 
from  a  subset  of  pilots  from  the  ANSUR  data  pool.  The  data  on  ’Army  Pilots  •  Female* 
were  compiled  from  a  subset  of  women,  arflusted  to  match  the  demographic  distribution  of 
cunent  female  Army  pitots,  from  the  ANSUR  data  pool  who  met  the  body  size  requirements 
for  entry  Into  pilot  training.  The  data  on  ‘Air  Force  Pilots  •  Male’  were  complied  from  the 

1967  Survey  of  USAF  male  rated  officers.  The  data  on  ’Air  Force  Pilots  -  Female’  were 
compiled  from  a  subset  of  the  1968  Survey  of  USAF  female  officers  and  enlisted  personnel 
who  met  the  body  size  requirements  for  entry  into  USAF  Undergraduate  Pilot  Training. 
Data  voids  and  omitted  line  numbers  within  these  iables  represent  measurements  which 
were  not  taken  or  for  data  not  available. 
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*Saine  as  12:  However, 
fighl  stoulder  is  extended 
as  far  forward  as  possible 
wtiHe  keepino  tHe  back 
the  left  shoulder  firmly 
apainst  the  back  wall 


FIGURE  23.  Standing  Body  Dimensions 
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TABLE  Xtll.  STANDING  BODY  DIMENSIONS 
A  GENERAL  FORCES 


Psrcsntiis  Vatuas  in  Canlimstars 
(inch  EquivalMta  in  ParanthsMs) 


5th  Pareantla 

95th  ParcantKa 

Mala 

msL 

WEIGHT,  kg$ 

61.6 

46.4 

98.1 

Tl 

(lbs) 

(135.8) 

(102B) 

(216.3) 

(16! 

1  STATURE 

164.5 

187.1 

17 

(64.8) 

IIBH 

(73.7) 

(6{ 

2  2YE  HEIGHT  (STANOMG) 

152.8 

141.5 

174.3  IK 

(802) 

(55.7) 

(68.6)  (69 

3  SHOUDBKACROMlALEIHaOHT 

134.2 

(52.8) 

m3Bm 

4  CHEST  (NIPPLE)  HEKiHT* 

118.6 

108.6 

(46.7) 

(42.9) 

HSBHS 

5  ELBOW  (RAOIALE)  HEIGHT 

102.3 

(40.3) 

e  FINGERTIP  (DACTYUON)  HEIGHT 

S9.1 

72.4 

61 

(23.3) 

■3EH 

(283) 

(« 

7t  WAIST  (lUOCRISTALE)  HEIGHT 

■llgglllllll 

HuSH 

HSBIHS 

7b  WAIST  (OUPHAUON)  HEIGHT 

87.7 

80.3 

(S8.5) 

(35.6) 

HuSHK! 

7c  WAGT  (NATURAL  iNOENTATION) 

iiimjjigiiiiiii 

(EIGHT 

8  CROTCH  HEIGHT 

75.3 

68.1 

91.8 

84 

(20.6) 

(28.6) 

(36.1) 

(39 

9  GLUTEAL  FURROW  HEIGHT 

73,6 

66.4 

(29.0) 

(28.1) 

10  KNEE  (MD^’ATELLA)  HEIGHT 

46.1 

41.7 

(18.1) 

(16.4) 

HlaEHiHA 

11  CALF  HEIGHT 

■Kmni 

40.6 

imig 

HDuBH 

HBBSH 

(16.0) 

1 2  FUNCTIONAL  (TmAffiTT) 

mnymii 

67.7 

88.6 

HBH 

(26.7) 

(34.8) 

13RJNCTI0NAL  REACH.  enaiOED 

60.5 

94.2 

(31T) 

m 

(3?.1) 

*Bustpoint  hoiglu  (or  woman 
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TABLE  XllL  STANDING  BODY  DIMENSIONS  (continiMd) 
B.  ARMY  PILOTS 


WEIGHT,  kgs 
(lbs) 

1  STATURE 

2  EYEHEiGKr(STANOMQ} 

3  SHOULDER  (ACROMlAL£)HElQHr 

4  CHEST  (NIPPLE)  HEIGHT* 

IS  ELBOW (RADIALE) HEIGHT 

6  FlNG£ITriP(DACrYL10N)  HEIGHT 

7«  WAIST  (AJOCRISTALE)  HEIGHT 

7b  WAST  (OMPHAUON)  HEIGHT 

7c  WAIST  (NATURAL  WOENTATION) 
HE>!3MT 

6  CROTCH  HEKSHT 

9  (SLUTEAL  FURROW  HEIGHT 

10  KNEE  (MiD4>ATELLA)  HEIGHT 

11  CALF  HEIGHT 

12  FUNCTIONAL  (TNUMEmP)  REACH 

13  FUNCTIONAL  REACa  GOa^OED 


Pwcsntila  Values  in  Cantimators 
(Inch  Equivalents  in  Paranthasas) 


Sth  Parcentila 

Tsar* 


9Sth  Percantila 


■mar 


64S 

(142.2) 


165.9 

(65.3) 


1MJ 

(80.5) 


IMT 

(53.4) 


119.3 

(47.0) 


104,8 

(41.3) 


60.2 

(23.7) 


100.0 

(39.4) 


98.6 

08.8) 


106.3 

(41.5) 


77.4 

(30.S) 

'74.6 

(29-4) 


46.S 

(18.3) 


31.9 

(1^6) 


V4.0 

(29.1) 


SOJZ 

(31.6) 


51.2 

(112.9) 


160.9 

(63.3) 


148.0 

(59.0) 


131.3 

(51.7) 


116.1 

(46.3) 


101.0 

(39.8) 


68.3 

(23.0) 


97.5 

08.4) 


96.3 

07.9) 


102.6 

<40J) 


(29.7) 


72.6'' 

(28.5) 


44.8 

(17.6) 


29.3 

(11.5) 


TTi 

(28.0) 

'JtT' 

(30.5) 


97.3 

(214.5) 


186.4 

(74J8) 

■w 

(8914) 


ISST 

(61.3) 


137.2 

(54.0) 


120.4 

(47.4) 


72.0 

(28-3) 


116.3 

(45.8) 


114.9 

(45.2) 


12U 

(47.8) 


92.1 

(36.3) 


“bbT* 

(34.9) 


S4.8 

(21.6) 


38.5 

(16.2) 


863 

04.0) 


62.6 

(36.6) 


81.1 

(178.8) 


ITST 

(692) 


184.1 

<«4J6) 


1444 

(56.9) 


1282 

(50J5) 


112.7 

(44.4) 


58.7 

(27.0) 

IWT 

(42.4) 


“Tg5T 

(422) 


1153 

(453) 


83.9 

(33.0) 


"ST!!" 

(32.0) 


503 

(19.8) 


35.1 

(133) 


n.V 

(31.4) 


86.0 

(33.9) 


*Bus4x>ini  height  lor  vumen 
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TABLE  Xill.  STANDING  BODY  DIMENSIONS  (oonduifld) 
C.  AIR  FORCE  PILOTS 


'*'0 


*Bustpoin)  iMlght  (or  womoo 
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Dimension  16  Sitting  eye  height  (reiaxed)  is  not  shown  on  figure. 
Dimension  30  ^  not  used. 


FIGURE  24.  Seated  Body  Dimensions 
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TABLE  XIV.  SEATED  BODY  DIMENSIONS 
A  GENERAL  FORCES 


14  VERTICAL  ARM  REACH,  SITTING 


15  SITTING  HEIGHT.  ERECT 


16  SITTING  HEIGHT.  RELAXED 


17  EYE  HEIGHT  SrmNG,  ERECT 


19  MID-SHOULDER  HEIGHT 


20  SHOULDER  HEIGHT.  SnTlNG 


21  SHOULDER-ELBOW  LENGTH 


22  ELBOW-GRIP  LENGTH 


23  ELBOW-FWOERTP  LENGTH 


24  ELBOW  REST  HEtQHT 


25  THIQH  CLEARANCE  HEIGHT 


26  KNEE  HEIGHT,  SITTING 


27  POPLITEW.  HEIGHT 


28  BimOCK-KNEE 


29  BUTT0CK4J0PUTEAL  LENGTH 


31  FUNCTIONAL  L^LENGIT-I 


Percentile  Values  in  Centirneters 
(Inch  Equivalents  In  Parenthoses) 


5th  ParcentHe 


te 


128.6  123.3 

(50.6)  (48.5) 


dSth  Pareentite 


Male 


153.2 

(60.3) 
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TABLE  XIV.  SEATED  BODY  DIMENSIONS  (oontinuad) 
a  ARMY  PILOTS 
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TABLE  XIV.  SEATED  BODY  DIMENSIONS  (concluded) 
C.  AIR  f=ORCE  PILOTS 


Percentile  Values  in  Centimeters 
(Inch  Equivalents  in  Parentheses) 

Sth  PetcentUe 

95th  Percentile 

Male 

15  SITTING  HEIGHT.  ERECT 

88.1 

86.6 

08.6 

90.9 

16  SrmNG  HEiGHT,  RELAXED 

(34.7)  1 

(34.1) 

(38.8) 

(35J) 

84.0 

80.7 

(33.4) 

(35.9) 

17  EYE  HElGHTSirnNG,  ERECT 

mignii 

86.1 

(33.6) 

HBH 

19  MID-SHOULDER  HEtQHT 

60.2 

63.7 

(23.7) 

(25.1) 

20  SHOULDER  HEIGHT.  SITTING 

65.9 

(25.9) 

21  SHOULDER-ELBOW  LENGTH 

HBQSili 

■SSH 

22  ELBOW-GRIP  LENGTH 

37.9 

IHSH 

(14.9) 

24  ELBOW RESTHEIGHT 

20.0 

|||||||||g23|||||B 

(8.2) 

HSEBi 

IHuBI 

25  THIGH  CLEARANCE  HEIGHT 

mm—. 

10.7 

16.6 

14.5 

(4.2) 

(7.4) 

(5.7) 

26  KNEE  HEIGHT.  SITTING 

27  POPLITEAL  HEIGHT 

jUlBIIXIHI 

___ 

BSSi 

HDH 

IHBH 

HEEH 

26  BUnOGK-Kt^  LENGTH 

■OBI 

■OBI 

29  BUTTOCK-POPLITEALLENOTH 

46.1 

murgnm 

53.2 

(18.1) 

(20.0) 

j 

# 
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Dimension  39  not  used 


FIGURE  25.  Depth  and  Breadth  Dimensions 
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32  CHEST  DEPTH* 

33  BUT70CKDB>TH 

34  CHEST  BREADTH 

3$  HP  BREADTH  STANDMQ 

36  SHOUIi)Bt(BiOELTOD)  BREADTH 

37  FOREARM4^3REARM  BREADTH 

38  HIP  BREADTH  SITTING 


NOTICE  2 

TABLE  XV.  DEPTH  AND  BREADTH  DIMENSIONS 
A.  GaiERAL  FORCES 


Percentil«  Values  in  Centimeters 
(l(«ch  Equivalents  in  Parentheses) 


5th  Percentile 


Male 


20.4  20.9 

(8.0)  (8.2) 


95th  Percentila 


Female 


28.0 

(11.0) 


Percentile  Values  in  Centimeters 
(Inch  Equivalents  in  Parentheses) 


32  CHEST  DEPTH* 

33  BUTTOCK  DEPTH 

34  CHESTBREADTH 

35  HP  BREADTH  STANDMQ 

36  SHOULDER  (BIOELTOS})  BREADTH 

37  FOREARM4K3REARM  BREADTH 

38  HIP  BREADTH  SITTING 


21.7 

20.7 

(8.5) 

(8.1) 

*  Bust  depth  lor  women 
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TABLE  XV.  DEPTH  AMO  BREADTH  DUyENSIONS  (oonckidttd) 
C.  AIR  FORCE  PILOTS 


PcroMtii*  VatuM  ^  Cantima^ 
(Inch  Equivalants  in  Parenthesas) 


32  CHEST  DEPTH 

33  BimOCKDB»TH 

34  CHESTBREADTH 

as  HP  BREADTH  STANOMG 

36  SHOULDER  (BiOaTOlO)  BREADTH 

37  F0REARI4P0REARM  BREADTH 

38  HIP  BREADTH.  SITTING 


Sth  Pa(c«ntil« 


95th  Percentiio 


21.3 

27.7 

26.1 

(8.4) 

(8.2) 

(10.9) 

(10.3) 

20.7 

16.8 

■BESH 

23.3 

(8.1) 

(7.4) 

(9.2) 
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TABLE  XVi.  CIRCUMFERENCES  AND  SURFACE  DIMENSIONS 
A.  GENERAL  FORCES 


P«rc«ntl)e  Vakws  in  Csntimeters 
(Inch  EquivalanU  in  Paranthosss) 


5th  Percentile 


Male 


40  NECK  CIRCUMFERENCE 

41  CHEST  CIRCUMFERENCE* 

42a  WAIST  CnCUMFERENCE 
(OMPHAUQN) 

42b  WAtSrORCUMFERENCE 
(NATURAL  MDBH'ATION) 

43  HIP  (BUTTOCK)  ORCXJMFERENCE, 
STANDNG 

45  VERTICAL  TRUNK  CIRCUM- 
FERENCE.STANONG 

47  ARM  SCYE  CIRCUMFERENCE 

48  BICEPS  CIRCUMFERENCE. 

FLEXED 

49  ELBOW  CRCUMFERENCE. 

FLEXED 

50  FOREARM  ORCUMFBTENCE. 

FLEXED 

51  WRISTCiRCUMFERENCE 

52  UPPER  THIGH  CIRCUMFERENCE 

53  CALF  CIRCUMFERENCE 

54  ANKLE  CIRCUMFERENCE 

SSa  WAIST  ((3MPHALI0N)  •  BACK  LENGTH 

S5b  WAIST  (NATURAL  INDENTATION}  • 
BACKlBiGTH 

568  WAIST  (OMPHAUQN)- FRONT 
IBIGTH 

56b  WAIST  (NATURAL  INDENTATION)  • 
FRONTIENGTH 


95th  Percentile 


Male 


1.8 

6.4 


102.2 

(40.2) 


26.5 

(10.4) 

23.0 

(9.1) 

15.7 

13.8 

(6.2) 

(5.4) 

*6usi  circumference  for  women 
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TABLE  XVL  CIRCUMFERENCES  AND  SURFACE  DIMENSIONS  (contmusd) 

B.  ARMY  PILOTS 


P«rc«ntlie  Vakm  in  CnntimMttrt 
(Inch  Equivalents  In  Parentheses) 


42a  WAIST  CnCUMFERENCE 
(OMPKNJON) 

42b  WAtSTCRCUMFBCNCE 
(NAIimMienATKIN) 

43  HtP  (BUTTOCK)  CnCUMFERENGE. 
STANDM6 

45  VERTICAL  TRUNK  CftCUM- 
FeTENCE.STANOMS 

47  ARM  SCYE  CIRCUMFERENCE 

48  BICEPS  CIRCUMFERENCE. 

FLEXED 

4d  ELBOW  CflCUMFERENCE. 

FLEXED 

50  FOREARM  CIRCLIMFBTENCE. 

RJEXQ) 

51  WRISTCfTCUMFERENCe 

52  UPPmTHJGHCtRCUMFERENCE 
&1  GALFORCUMFET^NCE 

54  ANKLE  CIRCUMFERENCE 

6Sa  WAIST  (OMPHALION)  •  BACK  LENGTH 

SSb  WAIST  (NATURAL  (NOENTATIQN)  * 
BACK LENGTH 

56a  WAIST  (OMPHALION) -FRONT 
UBIGTH 

S6b  WAIST  (NATURAL  INDENTATION)  - 
PRONTLENGTH 


*6usl  circumisrenca  (or  women 
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TABLE  XVI.  CiRCUMFEREI«:ES  AND  SURFACE  DIMENSIONS  (concluded} 
C.  AIR  FORCE  PILOTS 


Percentae  Values  in  CenilnMters 
(Inch  Equivalents  in  Parentheses) 


40  NECK  CIRCUMFERENCE 

41  CHEST  CnCUMFEFENGE* 

42a  WAfiTCRCUMFERENCE 
(OMPHAUOH) 

4a>  WASTORCUMFSIENGE 
(NATURAL  MOQfTATIQN) 

43  HtP  (BUTTOCK)  CIRCUMFa^ENCE, 
STANDMG 

44  (BUTTOCK)  ORCUMFERENCE, 
snmNG 

45  VERTX^AL  TRUNK  CIRCUMFERENCE. 
STANIkMG 

46  VERTICAL  TRUNK  CRCUMFERENCE. 
snrwQ 

47  ARMSC^CiRClMFERENCE 

48  BK^PSORCUMFERENCE,  FLEXED 

49  ELBOW  CIRCUMFERENCE,  REXED 

50  FOREARM  circumference.  FLEXED 

51  WRiSTCIRCUMFERENCE 

52  upper  THIGH  CRCUMFERENCE 

53  CALF  CIRCUMFERENCE 

54  ANKLE  CtRCUMFERENCE 

SSa  WAIST  (OLff>H.ALION)- BACK  LENGTH 

S6a  WAIST (OMPKALiON). FRONT 
LENGTH 


*Gusl  drotmlere.'ice  tor  women 
NEW  PAGE 


(  5th  Per^ntile 

Male 

Female 

34.9 

(13.7) 

31.6 

(12.4) 

9Sth  Percentile 


Male  F 


36.5 

(14.4) 


109.4  06.1 

(43.1)  (37.8) 


100.1 

OS.4) 
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TABLE  XVU.  HAND  AMO  FOOT  OMENSIONS 
A.  GENERAL  FORCES 


PercAntiia  Values  in  Centiineters 
(Inch  Equivalents  in  Parentheses) 


Sth  Percentile 


SSth  Percentile 


Male 


21.1 

(8.3) 


11.7  J  10.8 
(4.3) 


31.3 

26.1 

(12.3) 

(11.1) 

57  HANOIENGTH 

58  PAtJM  LENGTH* 

59  HANOBREADtH 

60  HANOCSRCUMFEFeiCE 

62  FCOTLENGTH 

63  INSTEPLENGTH 

64  FOOTBREADTH 

65  FOOTCmAff^ET^EI^ 

63  KEEL-ANKl^CiRCUiylFERENCE 


*  Data  for  melM  were  oomqted  from  the  1S€6  ewveir  of  U.S.  Army  Men,  the  1966  survey  of  U.S.  Marines, 
WKi  the  1965  survey  d  U.S.  Air  Force  Men.  Oau  for  females  were  cx>m()5ed  from  U»  1977  •uiveydU.S.  Amy 
Worrten  and  the  1068  survey  cl  UJ5.  Ak  Rme  WomsA, 

B.  ARMYPIlCfi'B 


Percentie  U$km  ia  Cemimeters 
(Inch  Equivaiems  la  Parentheses) 


Sth  Percentile 


Mats  I  Female 


57  HAND LENGTH 

59  HAND  BREADTH 

60  HAND  CIRCUMFERENCE 

62  FOOT  LENGTH 

63  INSTEPLENGTH 

64  FOOTBREADTH  j 

1 

65  POOTCnCUMF0^C£  ; 

65  HEaANKLECtRClAIFEFtENCE  * 
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TABLE  XVIL  HAND  AND  RXXrDlKCNSIONS(conckid0d) 

i 


C.  AIR  FORCE  PLOTS 


Percsnt'to  VakMS  in  CsntinMters 
(Inch  Equivatonts  in  Parnnthnses) 

5th  P«rc«ntila 

95th  Parcantile 

Male 

■KIuEiSl 

■Ksm 

57  HAND  LENGTH 

17.6  1 

17.6 

20.5 

20.4 

(7.0) 

(€.9) 

(8.1) 

(8.0) 

58  PALM  LENGTH 

10.0 

11.8 

1 

(3.9) 

(4.6) 

59  HAND  BREADTH 

mmsmm 

IIHSSil 

60  HANOORCUMFERENCE 

20.0 

17.2 

19.9 

(7.9) 

(6.8) 

(7.8) 

61  HANDTHICKNESS 

IHBH 

62  FOOT  LENGTH 

25.1 

29.0 

(9.9) 

mmSSM 

(11.4) 

HBBi 

63  INSTEP  LENGTH 

18.3 

21,4 

(7.2) 

(8.4) 

W  RX>T  BREADTH 

imiKQIIH 

10.6 

9.9 

HBBi 

(4.2) 

(3.9) 

65  POOTCiRCUMFBTENCE 

1  22.9 

1  (9.0) 

IBEftBi 

66  HEEL-ANKLE  aRCUMFERENCE 

■■gmni 

mmmmm 

1 
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TABLE  XVIU.  HEAD  AND  FACE  DIMENSIONS 
A.  GENERAL  FORCES 


Parcentiie  Values  in  Centimeters 
(Inch  Equivalents  In  Parentheses) 


5th  Percentile 


95th  Percentile 


Male  F 


67  HEAD  CIRCUMFERENCE 

68  BITRAGiON-CORONAL  CURVATURE 
68  emvVSlONAOnON  CURVATURE 

70  BITRAGION-SUeMANDeULAR 
CURVATURE 

71  HEADLENGTH 

72  PRONASALETOWALL 

73  TRAGIONTOWALL 

75  HEAOBREADTH 

76  BrmAGION  BREADTH 

77  BIAURICULAR  BREADTH 

78  HEAOHEIGKr(TRAfiK)NTOTOP 
OF  HEAD) 

79  GLABELLA  TO TOPOF MEAD 

80  PRONASAIETDTOPOFHEAD 

81  FACE  LENGTH  (MENTON-SEUION) 

82  FACE  (BIZYGOMATIC)  BREADTH 

83  BiOCULAR  BREADTH 

84  VITERPUPiLLARY  BREADTH 

87  UP  LENGTH  (MOUTH  BREADTH) 

89  EAR  LENGTH  ABOVE  TRAQiON 

90  EAR  BREADTH 

91  EAR  PROTRUSION 


HBlEH  HRSnH  IROSBl  HmEiH 


mmgmm 

HBEHi 

2.4 

(0.9) 

1.7 

1.7 

(0.7) 

(0.7) 
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TABLE  XVIU.  HEAD  AND  FACE  DIMENSIONS  (oonUnuad) 
B.  ARMY  PILOTS 


Perc«ntit«  Values  In  Centimeters 
(Inch  Equhntients  In  Parentheses) 


Sth  Percentile 


Male 


67  HEAD  CIRCUMFERENCE 

68  BITRAGION-CORONAL  CURVATURE 

69  BHRAGION-MENTON  CURVATURE 

70  errRAfilON-SUBMANDBULAR 
CURVATURE 

71  HEADLBIGSTH 

72  PRQNASALETOWAa 

73  TRAGONTOWAa 


89  EAR  LENGTN  ABOVE  TRAQION 

90  EARBREADIN 

91  EAR  PROTRUSION 


9Sth  Percentile 


S6.8 

(22.4) 


35.8 

(14.1) 


75  HEADBREADTR 

14.5 

(S.7) 

mEBmM 

16.3 

(6.4) 

152 

(6.0) 

76  BHRAQION  8REAOTH 

lis 

12.8 

15.4 

142 

(6.3)  1 

(5.0) 

(6.1) 

(S.7) 

77  BIAURICULAR  BREADTR 

HEZSi 

16.7 

(6.6) 

19.7 

(7.8) 

78  HEAOHEIC3Hr(TRAQIONTOTOP 

OF  HEAD) 

12.1 

(4.8) 

11.6 

(4.6) 

Illlill^Sllillli  iiilli^ 

79  GLABELLA  TO  TOP  OF  HEAD 

10.1 

(4.0) 

80  PRONASALETOTOPOFKEAD 

14.0 

16.S 

15.8 

(S.6) 

HESHl 

(6.5) 

(6J!) 

61  FACE  LENGTH  (MENTOr^-SeaiON) 

112 

10.5 

132 

122  i 

(4.4) 

(4.1) 

(6.2) 

(4.9) 

82  FACE  (BIZYGOMATIC)  BREADTH 

12.3 

(4.8) 

83  eiOCULAR  BREADTH 

mmamm 

HEEHI 

11.0 

(4.3) 

13.0 

(S.1) 

HDH 

84  INTERPUPllLARYBREAOTH 

87  UP  LENGTH  (MOUTH  BREADTH) 

5.1 

(2^0) 

4.8 

(1.8) 
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TABLE  XVIU.  HEAD  AMO  FACE  DIMENSIONS  (oondudsd) 
C.  AIR  FORCE  PlljOrTS 


Parcvniiift  Vakm  in  CantinMiKt 
(Inch  Equivalants  in  ParmthMss) 


70  BITRAGIONSUBMANOIBULAR 
CURVA1UF£ 

71  HEWLENSm 

72  PRONASALETOWMl 

73  TRAQIONTOWAll 
7S  KEAOeREAOTR 

n  ermAGKMeREAOTH 

77  BIAURICULAR  BREADTH 

78  HEAD  HEIGHT  ORAGtON  TO  TOP 
OP  HEAD) 

70  GLABELLA  TO  TOP  OP  HEAD 
W  PRONASAUETOTOPOPHEAD 

81  MCE  LENGTH  IMBITONGELUON) 

82  MCE  (BIZVOOUATIC)  BREADTH 

83  GiOCULAR  BREADTH 

84  MrreLPL«>(LLARY  BREADTH 

85  interocular  BREADTH 

86  UPTOUPLENQTH 

87  UPLENGTROAOUTHEREAOTH) 

88  EAR  LENGTH 

89  EAR  LENGTH  ABOVE  TRAGION 

90  EAR  BREADTH 

01  EAR  PROTRUSION 
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5.6.3  Use  of  Data. 

5.6.3.1  Data  limitations.  Because  the  anthropome&ic  data  presented  here  represent  nude 
body  measurements,  suitable  allowances  sh^l  be  made  for  tight  or  heavy  clothing,  flying  suits, 
helmets,  boots,  body  armor,  load-carrying  equipment,  protective  equipment,  and  other  worn  or 
carried  items,  when  utilizing  these  data  for  design  aiteria. 

5.6.3.2  Claarance  dimensions.  Clearance  dimensions  (6.g..  for  passageways  and  accesses), 
which  must  accommodate  or  allow  passage  of  the  bo(^  or  parts  of  the  body,  shall  be  based 
upon  the  95th  percentile  values  for  applicable  body  dimensions. 

5.6.3.3  Limiting  dimensions.  Limiting  dimensions  (reaching  distance,  control  movement, 
displays,  test  points,  handrails,  etc.)  which  restrict  or  are  limited  by  extensions  of  the  body  shall 
be  based  upon  the  5th  percentile  values  for  applicable  body  dimensions. 

5.6.3.4  Adjustable  dImerBlons.  Seats,  restraint  systems,  safety  harnesses,  belts,  controls  or 
any  equfpmontthat  must  be  adjusted  for  the  comfort  or  performance  of  the  Individuai  user 
shall  be  adjustable  over  the  range  of  the  5th  to  95th  peicentUe  values  for  the  appScable  body 
member(s). 

5.6.3.5  Clothing  and  personal  eoulpment.  Clothing  and  personal  equipment  (including 
protective  or  specialized  equipment  worn  or  carried  by  the  individual)  shall  be  designed  and 
sized  to  accommodate  at  least  the  5th  through  the  95th  percentile  values  of  body  dimensions. 
Pertinent  dimensions  of  essential  or  critical  equipment  (e.g.,  aviators'  helmets)  shall  be  based 
on  the  1st  and  99th  percentile  values.  Where  two  or  more  dimensions  are  used  simultaneously 
as  design  parameters,  appropriate  multivariate  data  and  techniques  shall  be  utilized.  (See 
appendix  for  representative  references.) 

5.6.4  Special  populations.  Where  equipment  will  be  used,  inclusively  or  oxdusivety,  by 
selected  or  specialized  segments  of  the  military  population  (e.g..  Army  tank  crews,  Navy 
divers,  etc.)  or  population  ranges  other  than  the  5  •  95th  percentiles  (e.g.,  disproportionate 
anthropometric  accommodation  test  cases),  appropriate  available  anthropometric  data  on 
these  spedailzed  populations,  contained  In  000-HDBK*743,  shall  be  utilized  for  design  and 
sizing  criteria.  Where  equipment  is  intended  for  use  by  foreign  military  personnel,  appropriate 
anthropometric  data  on  such  popula^ons  shall  be  utilized  for  design  and  sizing  criteria.  (See 
appendix  for  representative  reierences.) 
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5.11  Small  systems  and  equipment. 

5.1 1 .1  Portability  and  load  carrying.  Individual  portions  of  equipment  shall  be  designed  so 
that,  when  carried,  the  weight  of  the  load  will  be  distributed  through  as  many  muscle  groups  as 
possible.  Pressure  should  be  ayoided  or  minimized  on  sensitive  areas,  including  large  blood 
vessels,  nerves  and  areas  tacking  muscular  padding.  Design  of  load-carrying  systems  shall 
consider  the  weight  arKl  distribution  of  individual  items  to  be  carried  by  the  user.  The  weight  of 
the  items  to  be  carried  varies  according  to  the  climatic  zone,  mission  to  be  performed,  and 
occupational  specialty.  See  Table  XXVI  for  weights  of  representative  individual  items  that  an 
infantry  rifleman  carries  in  temperate  hot  weather  areas.  Load  carrying  systems  shall  be 
provided  with  a  quick-release  capability.  In  general,  portable  refers  to  an  item  that  is  carried  a 
distance  of  no  more  than  2  km  (1.24  miles).  For  items  to  be  carried  up  to  10  meters  (33  ft.),  see 
paragraphs  5.9.11.3.5. 5.9.11.3.6,  and  5.9.11.3.7. 

5.11.1.1  Efldabllity. 

5.1 1 .1 .1 .1  Weight,  individua!  portions  of  equipment  rnay  weigh  up  to  16  kg  (35  lb)  if  the  load 
is  balanced  and  is  distributed  over  many  musde  groups  and  it  is  not  necessary  for  the 
individua)  carrying  the  load  to  maintain  the  pace  of  an  infantry  movement 

5.1 1 .1 .1 2  Lifting _aids.  When  necessary,  lifting  aids  shall  be  provided  to  permit  a  second 
person  to  assist  the  porter  in  placing  the  load  on  the  body. 

5.1 1 .1 .1 .3  Configurafton.  The  load  should  be  designed  to  permit  freedom  of  movement.  The 
shape  of  the  toad  should  be  free  of  sharp  edges  or  projections  that  may  be  harmful  to  the 
porter  or  snag  on  undergrowth.  The  shape  and  weight  of  the  load  should  not  interfere  with: 

a.  The  length  of  step, 

b.  Movements  of  the  head. 

c.  The  ability  to  raise  ^d  lower  the  load  when  going  over  obstacles. 

d.  The  ability  to  see  where  the  feet  are  placed  when  walking. 

e.  The  ^ility  to  squat. 

f.  Regulation  of  body  temperature. 

g.  The  maintenance  of  normal  posture. 

5.1 1 .1 .1.4  CaffMnq.by  two  persons.  Where  the  load  is  designed  lor  carrying  by  two  persons, 
a  combination  of  stretcher  type  handles  and  shoulder  support  should  be  used,  11  feasible. 

5.1 1 .1 .1 .5  Stantfardization.  Maximum  use  should  be  made  of  standard  load  carrying  systems 
or  components. 
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TABLE  XXVIIL  TYPICAL  RCffTINQ  AND  EXISTENCE  LOADS  (TEMPERATE  ZONE) 


APPROXIMATE  WEKSHT  { 

LOAD 

KILOGRAMS 

POUNDS 

I^TiMQLOAO 

CLOTHING: 

PASGTHMmot 

1,96 

3.00 

Bsttto  Df«ss  Uniform 

1.73 

3.81 

PASGTVast 

3.86 

8.50 

UndMMMr  (Sumrwr)  and  Socks 

0,27 

0.60 

MKi  wVDfMnJUCKlB 

0.00 

0l2O 

8oolAlMilhir(DMS} 

Jii2 

JSSL 

ILSS 

19,47 

EQUIPMENT: 

RMaMIBAl  wOOrdmagazimiandtlno 

AmmunMon  pouch»&  (2  M)  wABO 

3J9 

7J1 

lowKtelneflMeczilnas 

3.21 

7.07 

HandgranaciesZM 

0.91 

2.00 

UW2MortLAWl« 

3.86 

6.50 

C«fKa«n  1  qlfStodw^andoovor 

1.63 

3.60 

Wator  poriObiBon  tabiits 
imfividuil  •qtripnwm  belL  first  akf 

0,03 

0.06 

|W(^  wAsas*  and  •utpMders 

0.72 

1.S9 

trdnndiifH)  tool  wA^mar 

1.14 

2.52 

Bii^onil  M7  w^loitMRl 

0.59 

140 

Marie  C8  fYotcciive  wAiood 

1J5 

2.97 

Rondo 

jm 

174)0 

3022 

EXISTENCE  LOAD: 

ALICE  Pad  maettum  wAriraps 

ChamioB}  Pratadr/a  ovargarmant 

1.12 

Z46 

w^jlovasandbooti 

2.61 

5.75 

Cap,utity 

0.10 

0.22 

Umlarwaar  and  ioda,  2  aa 

0.54 

UO 

PaiaonalHyolanaKii 

R«kM«MRE3aa 

\20 

1.33 

2.64 

2.94 

Bag,  Soaping,  Marmaditita  cold 

3.40 

7.S0 

Uattrass,  pnaumatic  ln»(4atad 

Jackal  Plaid,  1  oa  w^lovaa,  ludw 

1.59 

340 

anaodintianipr 

1.94 

4.26 

Bag.  waiarpracrf  1  aa 

JIZS 

14.17 

3144  1 
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5.13.7.32  Fluid  and  fuel  servicing  equioment.  Automatic  shutoff  devices  shall  be  provided  on 
fluid  and  fuel  service  equipment  to  prevent  overflow  and  spillage. 

5.13.7.4  Toxic  hazards. 

5.13.7.4.1  General.  Personnel  shall  not  be  exposed  to  the  concentrations  of  toxic  substances 
in  excess  of  the  limits  specified  in  either  the  Department  of  Defense  (DoD)  Occupational 
Safety  and  Health  (OSH)  standards  or  specialized  standards  applicate  to  military  unique 
equipment,  systems  or  operations. 

5.13.7.4.2  Carbon  monoxide.  Carbon  monoxide  in  personnel  areas  shall  be  reduced  to  the 
lowest  level  feasible.  Personnel  shall  not  be  exposed  to  concentrations  of  carbon  monoxide 
(CO)  in  excess  of  values  which  will  result  in  cartoxyhemoglobin  (COHb)  levels  in  their  blood 
greater  than  the  following  percentages:  5%  COHb  (all  system  design  objectives  and  aviation 
system  perfonnance  limits);  10%  COHb  (all  ottier  system  performance  limits).  It  is  acceptable 
to  estimate  COHb  blood  levels  In  personnel  by  solving  the  empirical  equaflon  given  in 
paragraph  3.7.5  of  MIL-HpBK-759A.  When  using  the  equations  to  esflmate  the  percent  COHb 
blood  levels  for  combat  vehicle  occupants,  the  following  woifl  stress  levels  (defined  by  MiL> 
HDBK-759A)  Shalt  be  applied  as  appropriate:  activities  involving  weapons  fire  •  level  4;  all 
other  mission  activities  •  level  3.  An  initial  value  of  COHbos1.0%  shall  be  assumed  for  all 
estimates. 

5.13.7.5  Radiation.  Radiation  emitting  systems  and  equipment  require  special  consideration 
to  minimize  hazards  to  operators  and  maintenance  personnel.  Ionizing  radiation  exposure 
rates  produced  by  any  device  shall  not  exceed  0.5  mitliroentgens/hr  at  a  distance  of  50  mm 
(2*)  from  any  point  on  the  external  surface.  Microwave,  radio  frequency,  X  and  laser  radiation 
limits  shall  conform  to  those  specified  in  Requirement  1,  MIL-STD-454.  Definitive  and  specific 
data  should  be  obtained  from  the  service  agency  responsible  for  control  of  personnel 
exposure  to  radiation. 

5.13.7.5  Trainers.  Training  materials,  devices,  simulators  and  oflier  systems  utilizing 
embedded  training,  should  incorporate  appropriate  safety  safeguards,  warnings  and  other 
procedures  developed  during  the  material  design  process. 

5.13.9  Stealth  and  covert  operations.  Systems  and  equipment  designed  for  use  In  combat 
may  require  stealth  for  covert  operations.  The  need  for  iow-obsen/abie  exterior  and 
camouflage  may  preclude  the  use  of  brightly  colored  warning  signs,  warning  lights  and/or 
auditory  alarms.  For  such  systenrs  and  equipment,  emf^asis  must  be  placed  on  baniers, 
Interlocks  and  other  techniques  which  insure  safe  oper^ons. 
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10  SCOPE 

The  documents  listed  in  this  appendix  provide  supplementary  Information,  criteria  and 
guidance  that  may  be  used,  as  applicable,  to  assist  the  designer  in  complying  with  the 
requirements  of  this  standard.  Their  application  is  not  to  be  regarded  as  mandatory,  unless  so 
spoiled  by  the  procuring  activity. 

20  TRI-SERVICE  PUBUCATiONS 

Human  Engineering  Guidelines  for  Management  information 


MIL-HDBK-761 

Systems 

DOD-HDBK-763 

MiL-H-46855 

MIL-HDBK-Ut 

TB  MED  81 
NAVMED  P-5052-29 
APR  161-11 

CSC-STD-O02-85 


MlL-STD-1474 
30  ARMY  PUBUCATIONS 
30,1  Beflutalipjns 
AR  40-10 

AR  40-14 

AR  385-16 
AR  700-52 


Human  Engineering  Procedures  Guide 

Human  Engineering  Requirements  for  Military  Systems, 
Equipment,  and  Facilities 

Optica!  Design 

Cold  injury 


Department  of  Defense  Password  Management  Guide 
(Fort  George  G.  Meade.  MO:  Department  of  Defense  Security 
Center.) 

Noise  Umits  for  Military  Materiel 


Health  Hazard  Assessment  Program  In  S^sport  of  the 
Army  Materiel  Acquisition  Dedslon  Process 

Control  and  Recording  Procedures,  Occupational 
Exposure  to  Ionizing  Radiation 

Safety  for  Systeim,  Associated  Subsystems  and  Equipment 

Licensing  and  Control  of  Souroos  of  Ionizing  Rarfiation 
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30.2  Pamphlets  &  Julletins 

AMCP  706-134 

Maintainability  Guide  for  Design  (AD  823  539) 

DA  PAM  40-501 

Hearing  Conservation 

TB  MED  521 

Diagnostic  X-Ray,  Therapeutic  X-Ray,  and  Gamma  Beam 
Protection  for  Energies  up  to  10  Million  Electron  Volts 

TB  MED  270 

Control  of  Hazards  to  Health  from  Microwave  Radiation 

TB  MED  279 

Control  of  Hazards  to  Health  from  Laser  Radiation 

TB  MED  288 

Medical  Problems  of  Man  at  H^h  Terrestrial  Bevatlons 

TB  MED  508 

Cold  Injury 

30.3  Desipn  Criteria  Handbook 

MIL-HDBK-759 

Humar)  Factors  Er^ineering  Design  for  Army  MsUeriet 

DOD-HDBK-743 

Military  Handbook,  Anthropometry  of  U.S.  Maitary  Personnel 

DOD-HDBK.761 

Human  Engineering  Guide  for  Management  Information 
Systems 

30.4  fleoorts 

AVSCOM 

R^t  75-47 

Study  to  Determine  the  Impact  of  Airo’ow  Anthropometry 
on  Mrframe  Configuration 

Natick  LatTOratories 
TREPT.2 

Reference  Anthropometry  of  the  ArOic  Equif^ied  Soldier 
(AD  449  4831) 

Natick  Laboratories 

TR  73-51-Ce 

The  Carrying  of  Loads  within  an  Infantry  Company 
(AO  762  559) 

Natick  RDEC 

TR  89/040 

1988  Anthropometric  Survey  of  U.S.  Army  Personnel 
Methods  and  Summary  StaUstics  (AO  A225094} 

USAAMRDL 

TR  71-22 

Crash  Survival  Design  Guide  (Revised  1971) 

USAHELTM4-77 

A  Human  Factors  Evaluation  of  a  Vertical  Scale  Instrument 
Display  System  for  the  OV-10  Aircraft  (AO  ^  6050) 

40  NAVY  PUBUCATIONS 

I 

40.1  Manual 

NAVAIR  00-807-99 

U.S.  Naval  Aerospace  Physiologist's  Manual,  1972 
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40^  Reports 

NATO  ReptTM  77-1  SY 

NAMRL  Report  1164 


NAVMISCEN  Raport 
TP-74-6 

NAVSHIPS  94323 
NEL  Report  688 
NRL  Report  155 

PACMISTESTCEN 
Report  TM-75-46 


PACMISTESTCEN 
Report  TP-75-49 


•  PACMISTESTCEN 
Report  TP-76.1 

PACMISTESTCEN 
Report  TP-76-36 

PACMISTESTCEN 
Report  TP-76-46 

40^3  Notes 

NAVMEONOTE  6260 


Analysis  oi;  Flight  Clothing  Effects  on  Aircrew  Station 
Geometry  (AD  AO46260) 

Empirical  Reduction  in  Potential  user  Population  as  the 
Result  of  Imposed  Multivariate  Anthropometry  Limits 
(AD  752  032) 

Reduction  In  Potential  user  Population  as  the  Result  of 
Imposed  Anthropometry  Limits:  Monte  Carlo  Estimation 
(AD  919  31 9L) 

Human  Engineering  Guidelines  for  Maintainability 

Listening  to  DIfferenttaJly  Filtered  Competing  Voice  Messages 

Pmmodulation  Speecii  Clipping  and  FOter^:  TNek  Effects 
on  the  Intelligibility  of  Speech 

The  Accommodated  Populatlor)  of  a  Potential  User 
Population:  Compilation  and  Comparisons  of  Methods  for 
Estimation 

Computertzed  Accommodated  Percentage  (CAPE) 

Model  for  CocNolt  Analysis  and  other  Exclusion  Studies 
(AO  8008  948L) 

Improved  Seat.  Console  and  Wori^place  Des^n 
(ADAO40  479) 

Recommended  Human  Exposure  Umlis  for  Very-Lwv- 
Frequency  Vibration 

Computerized  Accommodated  Pefcantage  (CAPE):  Review 
and  Prospectus  (AD  A035  205) 


Hazardous  Noise  Areas.  Equ^mienL  Machine  and  Toots; 
identirication  of 


50  AIR  FORCE  PUBUCATIONS 


50.1  Manuals 

AFM 127-201  h^sslle  Safety  Handbor^ 

t 

AFP  160-6-7  Maximum  Permissible  Body  Burdens  and  Maximum 

Permissible  Concentrations  of  Radio-Nuclides  in  Air  and 
Water  for  Ocoipationai  Exposure 
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NOTICE  2 

50.2  BfififidS 


AFFDL*TDR-64-86 

Investigation  of  Aerospace  Vehicle  Crew  Station  Criteria 
(AD  452  187) 

AFSWCTR  59-11 

Human  Factors  Handbook  for  Design  of  Transporting, 
Positioning,  smd  Lifting  Ground  Suf^ort  Equipment 
(AD  227  311) 

AFSWCTR  59-12 

Human  Factors  Handbook  for  Design  of  Testing  and  Monitoring 
Ground  Support  Equipment  (AD  227  312) 

AFSWC  TR  59-13 

Human  Factors  Handbook  for  Design  of  Protective  and  Storage 
Ground  Support  Equipment  (AD  227  313) 

AMRL  TOR  64-59 

Reach  Capability  of  the  USAF  Population  (AO  608269) 

A»^LTR  65-73 

Anthropometry  of  Common  Wortdng  Positions  (AD  632  241) 

AMRLTR  66-27 

Aperture  Sizes  and  Depths  of  Reach  for  One  and  Two-Handed 
Tasks  (AD  646  718) 

AMRLTR  68-24 

Clearance  and  Performance  Values  for  the  Bare-Handed  and 
the  Pressure-Gloved  (AD  681  457) 

AMRLTR  69-6 

Anthropometric  Dimensions  of  Air  Force  Pressure-Suited 
Personnel  for  Workspace  and  Design  Criteria  (AD  697  022) 

AMRLTR  70-1 14 

Horizontal  Static  Forces  Exerted  by  Men  Standing  In  Common 
Working  Positions  on  Surfaces  of  Various  Tractions 
(AD  720  252) 

ASD  TR  54-520 

The  Anthropometry  of  Work  Positions  (AD  110  573) 

ASDTR  56-218 

Guide  to  the  Design  of  Electronic  Equipment  for  Maintainability 
(AD  101  729) 

ASD  T;v1  57-248 

Acoustical  Criteria  foi  Work  Spaces,  Living  Quarters,  and  Other 
Areas  on  Air  Bases  (AD  130  839) 

ASD  TR  61-381 

Guide  to  the  Design  of  Mechanical  Equipment  for  Maintainability 
(AD  269  332) 

ASD  TR  61-424 

Guide  to  Integrated  System  Design  for  Maintainability 
(AD  271  477) 

ESD  TDR  624 

A  Test  of  the  20  Band  and  Octave  Band  Methods  of  Computing 
the  Articulation  Index  (AD  271  606) 

Supersedes  Page  284  of  14  March  1989 


284 


lYliW'W  •  W  I  -T# 

NOTICE  2 


ESD-TR-63-403 

Psychoacoustic  Speech  Test:  A  Modified  Rhyme  Test 
(AD  411  983) 

ESD  TR  86-278 

Guidelines  for  Designing  User  interface  Software 
(AD-A 177  198) 

RADC-TDR-62-315 

Criteria  for  Group  Display  Chains  for  The  1962-1965 

Time  Period  (AD  283  390) 

WADC  TR  52-204 

Handbook  of  Acoustic  Noise  Control  (AD  018  260  and 

AD  012  015) 

WADCTR  55-159 

Space  Requirements  of  the  Sealed  Operator  (AO  087  892) 

WADCTR  58474 

The  Effect  of  Team  Size  and  Intermember  Communication  on 
dedsion-Making  Performance  (AD  215  621) 

WADDTR  60-814 

Audio  Warning  Signals  for  Air  Force  Weapon  Systems 
(AD  258  477) 

50.3  Air  Force  Systems  Command  Design  Handbooks 

Copies  of  Air  Force  Systems  Command  design  criteria  handbooks  may  be  obtained  by 
nongovernmental  organizations  when  compliance  therewith  is  required  by  a  Government 
contract,  or  when  possession  of  the  handbook  will  otherwise  benefit  the  Government. 
Requests  for  the  following  handbooks  should  be  directed  to  4950/rZHM.  Wright-Patterson 
AFB.  OH  45433; 

AFSC  DH1-1 

General  Index  and  Reference 

AFSCDH1.3 

Human  Factors  Engineering 

AFSC  DH1-6 

System  Safety 

AFSC  DH  2-1 

Airframe 

AFSC  DH  2-2 

Crew  Stations  and  Passenger  Accommodations 

AFSC  DH  2-3 

Propulsion  and  Power 

AFSC  OH  2-6 

Ground  Equipment  and  Fadlities 

60  NATIONAL  AERONAUTICS  AND  SPACE  ADMINISTRATION  PUBLICATIONS 


60.1  Standards 

Copies  of  the  following  documents  can  be  obtained  by  qualified  requesters  from  MSIS 
Custodian/SP34,  NASA-Johnson  Space  Center,  Houston.  TX  77058 


Supersedes  page  285  of  14  March  1969 
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NASA>STO'3000,  Volume  I  Man-Systems  Integration  Standards 

NASA-STD'3000,  Volume  II  Man-Systems  integration  Standards-Appendices 

Supersedes  page  286  of  14  March  1989 
60^  Book 

Copies  of  the  following  documents  can  be  obtained  from  the  Superintendent  of 
Documents,  U.S.  Government  Printing  Office.  Washington  DC  20402 

NASA  SP-3006  Bioastronautics  Data  Book,  Second  Edition. 

J.F.  Parker  and  V.R.  West,  eds. 

70  VOLUNTARY  STANDARDS  AND  GUIDES 

70.1  American  National  Standards  Institute  lANSD 

Copies  of  the  following  standards  can  be  obtained  at  a  nominal  cost  from  the  ANSI, 
1440  Broadway,  New  York,  New  York  10018. 


ANSI  A12.1 

Floor  and  Wail  Openings.  Railings,  and  Toeboards,  Safety 
Requirements  for 

ANSI  A14.3 

Ladders-Fixed-Safety  Requirements 

ANSI  C2 

national  Electrical  Safety  Code  (NBS  H30) 

ANSI  SI. 11 

Specification  for  Octave-Band  and  Fractional-Octave-Band 
Analog  and  Digital  Filters  (ASA  65} 

ANSI  Z136.1 

Safe  use  of  Lasers 

70.2  Allfirican,Sflgiaty..tOLlestlnqmclJ^ief^^  copies  of  the  following  documents  can 
be  obtained  at  a  nominal  cost  from  the  American  Society  for  Testing  and  Materials, 

1916  Race  Street  Philadelphia,  PA  19103. 

ASTM  F 1166-8  Standard  Practice  for  Human  Engineering  Design  Crlteiia  for 

Marine  Systems.  Equipment  and  Facilities. 

70.3  Ame,rtean..S.oc.igly-aUiflatlng. .  Relrigocating  and.  Alr.:Cg.ndiliQnlng..£nging9rs 
(ASHBAEi  Copies  of  the  following  documents  can  be  obtained  at  a  nominal  cost  from  the 
ASHRAE,  1791  Tullie  Circle.  NE,  Atlanta,  GA  30329. 

ASHRAE  55-81  Thermal  Environmental  Conditions  for  Human 

Occupancy 

ASHRAE  62-81  Ventilation  for  Acceptable  Indoor  Air  Quality  Guide  and  Data 

Book  (latest  edition) 

70.4  iiluminating  Enalneerin?  Society  fiESLof  North  America.  Copies  of  the  following 
document  can  be  obtained  at  a  nominal  cost  from  the  iES.  345  East  47th  Street  New  York, 
NY  10017. 

iES  Ughting  HDBK  SEC  9  Application-87,  industrial  Ughting 
Supersedes  page  286  of  14  March  1989 
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iOL^BW^UTW 
VOTICX  3 
10  Fabruary  1994 


KILXZAiy  SXAlObaS} 

BOMAN  BNBIlfEnXllS  DESIGN  CtZTBBZA  F0&  MI1.XTARY 
8V9tai8i  Vfuxmm  and  FACILXTtBi 


TO  ALL  BOLDBBS  OF  MIL-6TD>1472D> 

1.  TEB  FOLLOWUfG  PAOB6  OF  lOL-STO-UTlD  BAVX  BBBf  1BFI8SD  AND  8DFIESBDID  THE 


PACES  LlETBDf  '  '  *  - -  - 

,  „H..  .  . 

SDPtaSBDBD 

MEN-PAGI 

DATE 

sm. 

SUSS 

S 

10  February  1994 

5 

14  March  1969 

6 

10  February  1994 

6 

14  March  1989 

7 

10  FebrtMry  1994 

7 

80  March  1991 

8 

14  March  1969 

6 

ElP&ZMfID  VZfMOVf  OIAIKI 

11 

10  February  1094 

11 

14  March  ^989 

12 

10  February  1994 

12 

14  March  1969 

61 

10  February  1994 

61 

14  Match  1969 

62 

10  February  1994 

62 

14  March  1969 

123 

10  February  1094 

123 

14  March  1989 

124 

10  February  1994 

124 

14  March  1969 

127 

10  February  1994 

127 

14  March  1969 

128 

14  March  1969 

128 

2SP21IIX8D '  ifztnom  oeamoe 

136a 

SO  June  1992 

136a 

DELETE 

233 

10  February  1994 

233 

14  March  1989 

234 

10  February  1994 

234 

14  March  1989 

263 

10  February  1994 

263 

SO  June  1992 

266 

10  February  1694 

266  268 

14  March  1989 

2.  MAKE  THE  FOLLOtflllO  PEN  AMD  INK  CBAMGESt 

a.  Paga  13,  para  3.43,  mcoiuI  llm,  changa  ■paragraph  4*  to  'paragraph  6.* 

b.  Page  16,  para  3.72,  third  linot  Changa  'on-aat*  to  *ontot.* 


AM8C  NM  AREA  BFAC 

OISTEXBDTIQM  StATEKHIT  A.  Approved  for  public  raloaaot  diatribution  ia 
uni  ini tad. 


c.  Page  18,  para  4.4.9.,  first  line:  Change  "insuring"  to 
■ensuring." 

d.  Page  24,  para  5.1.4,  change  "Control  display  movement 
ratio"  to  "Control/display  movement  ratio." 

e.  Page  27,  para  S.2.1.1,  third  line:  Delete  "his." 

f.  Page  28,  para  5. 2. 1.3.1,  third  line:  Change  "that  which 
is"  to  "information." 

g.  Page  29,  para  5. 2. 1.4. 4,  fifth  line:  Change  "insure"  to 
"ensure. " 

h.  Page  32,  para  5.2.1.4.12,  third  line:  Change  "never  be" 
to  "be  not." 

i.  Page  32,  para  5. 2. 1.5. 2,  second  line:  Delete  "coding." 

j.  Page  35,  para  5.2.2.1.17,  third  line:  Change  "insure"  to 

"ensure." 

k.  Page  35,  para  5.2.2.1.18e.,  third  line:  Delete  "etc." 

l.  Page  36,  para  5.2.2.1.19,  first  line:  Change  "indicator" 
to  "display." 

m.  Page  41,  para  5.2.3.1.10.1,  third  line:  Change  to  read, 
"level,  caution,  undesirable  condition  and  inefficient 

operation*" 

n.  Page  41,  para  5. 2. 3. 2,  change  "indicators"  to  "displays." 

o.  Page  46,  para  5. 2. 3. 3. 3,  4th  line:  Delete  "space  before 

bat." 

p.  Page  €5,  para  5. 3. 12.1. a.,  second  line:  Change  "S3.2'- 
1960"  to  "ANSI  S3. 2". 

para  5.3.12.1.C.,  third  line:  Delete  "-1969". 

q.  Page  71,  para  5. 4. 1.4. 3,  fifth  and  sixth  lines:  Change 
"not  be"  to  "be  not." 

r.  Page  72,  para  5. 4. 1.8.1,  fourth  line:  Change 
"degre^tion"  to  "degradation"  and  "functions"  to 
"performance . " 

s.  Page  73,  para  5. 4. 1.8. 4. f,  third  line:  Add  "is"  after 
"control. " 

t.  Page  73,  para  5. 4. 1.8. 5,  second  line:  Add  "or  input" 
after  "force." 
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u.  Page  ^S,  para  5. 4. 2. 1.2.1,  second  line:  Change  "go  no-go” 
to  "go/no-go." 

V.  Page  91,  figure  11,  change  *9.5”  to  ”10". 

w.  Page  94,  para  5. 4, 3. 1.4.1,  fourth  line:  Edit  to  read 
”... control  or  legend  switch  control  is  not  feasible  or  when 
the  toggle...*. 

X.  Page  99,  para  5. 4. 3. 1.7. 3,  third  line:  Delete  third  line. 

y.  Page  113,  para  5. 4. 3. 2. 5.1,  fourth  line:  Delete  "etc.” 

z.  Page  175,  para  5. 8. 3. 2,  third  line:  Add  "DA  PAM  40-501" 
after  "5100.238". 

aa.  Page  177,  para  5. 8. 3. 4. 3,  third  line:  Delete  ",  as 
defined  by  ANSI  Sl.l," 

bb.  Page  193,  para  5.9.11.3.3,  second  line:  Change  "XXIV*  to 
"XXIII.* 

CC.  Page  237,  Change  "5.13.7.5  Trainers*  to  "5.13.8  Trainers*. 
3.  RETAIN  THIS  NOTICE  AND  INSERT  BEFORE  TABLE  OF  CONTENTS. 


4.  Holders  of  MIL-STO-1472D  will  verify  that  page  changes  and 
additions  indicated  above  have  been  entered.  These  notice 
pages  will  be  retained  as  a  separate  check  list.  This 
issuance,  together  with  appended  pages,  is  a  separate 
publication.  Each  notice  is  to  be  retained  by  stocking  points 
until  the  military  standard  is  coiq>letely  revised  or 
cancelled. 


Custodians:  Preparing  activity: 

Army  -  MI  Army  -  MI 

Navy  -  AS 
Air  Force  -  11 

(Project  HFAC-0058) 

Review  activities: 

Army  -  AR,  AT,  AV,  CR,  ER,  GL,  ME,  MD,  MR,  TE,  TM,  EA 
Navy  -  EC,  MC,  MS,  OS,  PE,  SH,  TD 
Air  Force  -  13,  14,  19,  26 

User  activities: 

Army  -  AL 
Navy  -  YD 

Civilian  agencies: 

NASA  -  MSFC 
DOT  -  RDS 
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MIL-STD-783 

MIL-STD-850 

MIL-STD-1179 

MIL-STD-1180 

MIL-STD-1247 

MIL-STD-1280 

Hll-STD-1294 

MIL-STD-1333 

MIL-STD-1348 

MIL-STD-1473 

MIL-STD-1474 

MIL-STD-1787 

HANDBOOKS 

MILITARY 

DOD-HDBK-743 

MIL-HOBK>759 


Legends  for  Use  in  Aircrew  Stations  and  on 
Airborne  Equipment 

Aircrew  Station  Vision  Requirements  for 
Military  Aircraft 

Lamp,  Reflectors  and  Associated  Signalling 
Equipment  for  Military  Vehicles 

Safety  Standards  for  Military  Ground  Vehicles 

Markings,  Functions  and  Hazard  Designations 
of.  Hose,  Pipe,  and  Tube  lines  for  Aircraft, 
Missile  and  Space  Systems 

Keyboard  Arrangements  ^ 

Acoustical  Nolsv  Limits-  in  Helicopters 

Aircrew  Station  Geometry  for  Military 
Aircraft 

Knobs,  Control,  Selection  of 

Standard  General  Requirements  for  Color  and 
Marking  of  Army  Materiel 

Noise  Limits  for  Military  Materiel 

Aircraft  Display  Symbology 


Anthropometry  of  US  Military  Personnel 

Human  Factors  Engineering  Design  for  Army 
Materiel 


(Unless  otherwise  indicated,  copies  of  federal  and  military 
specifications,  standards  and  handbooks  are  available  from  the 
Standardization  Documents  Order  Desk,  Building  4D,  700  Robbins 
Avenue,  Philadelphia,  FA  19111‘-5094 . ) 


2.1.2  Other  Government  doeumenta.  drawinoR.  and 
piiblleationa .  The  following  other  government  documents, 
drawings  and  ptiblications  form  a  part  of  this  document  to  the 
extent  specified  herein.  Unless  otherwise  specified,  the  issues 
are  those  cited  in  the  solicitation. 


Supersedes  page  5  of  14  March  1989 
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POBLICATIONS 

ARMY 

DA  PAM  40-501  -  Hearing  Consezvmtlon 

NAVY 

OPNAVINST  5100. 23B  Hearing  Conservation  Program 
AIR  FORCE 

AFR  161-35  -  Hazardous  Noise  Exposure  (Regulation) 

FEDERAL  REGULATION 

29  CFR  1910  -  Occupational  Safety  and  Health  Standards 

(Copies  of  other  government  documents^  draeings,  and 
publiealrimis  required  li»y  ooatixeotoce  iu-  ceanectlon  with  specific 
procurement  functions  should  be  obtained  from  the  procuring  activity 
or  as  directed  by  the  contracting  officer.) 

2.2  M«n-artv«trnwMtn»-  pnhiif»a» Inna .  Th«  folXowing  document  (s)  form 
a  part  of  this  document  to  the  extent  specified  herein.  Unless 
otherwise  specified^  the  issues  of  the  documents  which  are  DoO 
adopted  are  those  listed  in  the  issue  of  the  DODISS  cited  in  the 
solicitation.  Unless  otherwise  specified,  the  issues  of  documents  , 
not  listed  in  the  DODISS  are  the  issues  of  the  documents  cited  in  \ 
the  solicitation  (see  6.2). 

Buman  Engineering  Guide  to  Equipment  Design,  1972  Edition 

(Application  for  copies  should  be  addressed  to  the  Superintendent  . 
of  Doctiments,  US  Government  Printing  Office,  Neshington,  CC  20402) 

AMERICAN  CONFERENCE  OF  GOVERNMENTAL  INDUSTRIAL  HYGIENISTS  (AC6IH) 

Threshold  Limit  Values 


(Application  for  copies  should  be  addressed  to  the  ^GIH  Ins., 
6500  Glenwey  Ave.  Bldg.  D-7,  Cincinnati,  OB  45211) 

AMERICAN  NATIONAL  STANDARDS  INSTITUTE  (ANSI) 

ANSI  SI. 4  Sound  Level  Meters  (ASA  47) 

ANSI  SI. 6  Preferred  Frequencies  and  Band  Numbers  for 
Acoustical  Measurements  (ASA  S3) 

ANSI  S3. 2  Method  for  Measuring  the  Intelligibility  of 
Speech  Over  Conaminlcation  Systems  (ASA  85) 

ANSI  S3. 5  Articulation  Index,  Methods  for  the  Calculation  of. 


(Application  fox  copies  of  ANSI  SI. 4,  SI. 6,  and  S3. 2  (ASA  47,  53 
and  85)  should  be  addressed  to  Professional  Boo)c  Distributors,  Inc 
ASA  Standards  Distribution  Center,  1650  Bluegrass  La)ce  Parkway, 

Supersedes  page  6  of  14  March  1989 
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P.O.  Box  6996,  Alpharetta,  GA  30239-6996.  ^plication  for 
copies  of  other  ANSI  standards  should  be  addressed  to  the 
American  National  Standards  Institute,  Inc.,  11  West  42nd 
Street,  New  York,  NY  10036.) 

AMERICAN  SOCIETY  OF  TESTING  AND  MATERIALS  (ASTM) 

ASTM  E  380  Metric  Practice,  Standard  for 

(Application  for  copies  should  be  addressed  to  the  American 
Society  for  Testing  and  Materials,  1916  Race  Street, 
Philadelphia,  PA  19103) 

HUMAN  FACTORS  AND  ERGONOMICS  SOCIETY  (HFES) 


ANSI/HFS  100  American  National  Standard  for  Human 

Factors  Engineering  of  Visual  Display 
Terminal  Workstations 

(Application  for  copies  should  bi^  addressed  to  the  Human 
Factors  and  Ergonomics  Society,  Inc.,  P.O.  Box  1369,  Santa 
Monica,  CA  90406) 

INTERNATIONAL  ORGANIZATION  FOR  STANDARDIZATION  (ISO) 


ISO  DIS  2631 
Exposure 


Guide  to  the  Evaluation  of  Human 
to  Whole  Body  Vibration 


(Application  for  copies  should  be  addressed  to  the  American 
National  Standards  Institute,  Inc.,  1430  Broadway,  New  York,  NY 
10018) 


SOCIETY  OF  AUTOMOTIVE  ENGINEERS  (SAE) 

SAE  J925  Minimum  Access  Dimensions  for 

Construction  and  Industrial  Machinery 

(Application  for  copies  should  be  addressed  to  the  Society  of 
Automotive  Engineers,  400  Commonwealth  Drive,  Warrendale,  PA 
15096-0001) 


(Mon-Government  steuidards  an  other  publications  are  normally 
availzible  from  the  organizations  that  prepare  or  distribute  the 
documents.  These  documents  also  may  be  available  in  or  through 
libraries  or  other  informational  services.) 

2.3  order  of  _prefBrence.  In  the  event  of  a  conflict  between 
the  text  of  this  document  and  the  references  cited  herein,  the 
text  of  this  document  takes  precedence.  Nothing  in  this 
document,  however,  superseded  applicable  laws  and  regulation 
unless  a  specific  exemption  has  been  obtained. 

Supersedes  page  7  of  20  March  1991 
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3.22  DiaJ-omia.  A  Structured  series  of  interchanges  between  a  use 
and  a  computer  tezninal.  Dialogues  can  be  coogmter  initiatedr  e.g., 
question  and  answer,  or  user  initiated,  e.g.,  command  Xang\iages. 

3.23  Diehotie.  The  condition  in  which  the  sound  stimulus 
presented  at  one  ear  differs  from  the  sound  stimulus  presented  at  th 
other  ear.  The  stimulus  may  differ  in  sound  pressixre,  frequency, 
phase,  time,  duration,  or  bandwidth  or  other  characteristics. 

3.24  Display  format  The  organization  of  different  types  of  data 
in  a  display,  including  information  about  the  data  such  as  labels, 
and  other  user  guidance  such  as  prompts,  error  messages. 

3.25  Effective  temnerature .  An  empirically  detemiaed  Imdex  whic 
combines  into  a  single  value  the  effect  of  temperature,  humidity,  an 
air  aoveaient  on  the  aeneation  of  warmth  or  cold  felt  by  the  human 
body.  The  numerical  value  is  that  of  the  temperature  of  still, 
saturated  air  which  would  induce  an  identical  sensation. 

3.26  Enter.  An  explicit  user  action  that  effects  computer 
processing  of  user  entries.  For  example,  after  typing  a  series  of 
numbers,  a  user  might  press  an  ENTER  key  that  will  add  them  to  a  dat 
base,  subject  to  data  validation. 

3.27  Emiipment .  General  term  designating  any  item  or  group  of 
items. 

3.26  Esmimmnt  fflilugii.  cessation  of  the  ability  to  meet  the 
minimum  perfomance  requirements  of  the  equipment  specifications. 
Further,  equlpnent  failure  shall  imply  that  the  minimum  specified 
performance  cannot  be  restored  through  pesssissible  reed  jus  tsMWt  of 
operator  controls. 

3.29  Faeilitiea .  A  physical  plant,  such  as  real  estate  and 
improvements  thereto,  including  building  end  equlpswnt,  which 
provides  the  isesns  for  assisting  or  making  easier  the  performance  of 
a  system  function.  The  facilities  to  which  this  standard  apply  are 
those  in  which  personnel  perform  system  operational  or  maintenance 
duties . 

3.30  Fail-safe  design.  Design  where  &  failure  will  not  adversely 
affect  the  safe  operation  of  the  system,  equipment,  or  facility. 

3.31  Field.  See  "Data  Field." 

3.32  File.  A  collection  of  date  that  is  stored  in  a  computer, 
treated  as  a  single  unit  by  the  operating  system  of  the  computer. 

3.33  Function  key.  A  key,  such  as  the  SHIFT  key,  which  initiates 
or  modifies  a  machine  function,  (e.g.,  effects  a  control  entry, 
instructs  the  computer  to  perform  a  step,  or  a  series  of  steps)  but 
Standard  Code  of  information  Exchange  (ASCII) . 
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3.34  Help.  A  capebility  that  displays  Ipfomatlon  iqion  user  request  for 
on-line  guidance.  HELI*  «ay  infoxia  a  user  jWMrally  about  the  system  . 
capabilities,  or  may  provide  more  specific  guidance  in  information  handling 
transactions . 


3.35  Hinhiiahritto.  Esiphasizing  displayed  data  or  forut  features  in  some 
way#  o.g.f  through  the  use  of  underlining#  bolding#  or  inverse  video. 

3.36  Hmnen  Heeiem  erlterte.  Stated  lisdtS  On  design  tO  SChiev 

the  objectives  of  human  engineering. 

3.37  Organized  data  that  users  need  to  perform  their  tasks 
successfully,  information  serves  as  an  anaver  to  a  user's  questions  about 
data  and  iapHaa  effective  easimilatico  of  data  by  a  uaer.  Data  that  have 
been  proceeaed  end  formulated  by  autostated  or  aumual  maana  to  satiafy  a 
knowledge  requireatent  for  uae  by  a  decision  suker. 

3.38  mtertueit.  Stopping  en  ongoing  tranaaction  in  ordor  to  xadlraet  the 
course  of  the  processing,  firsaples  of  interrupt  options  are  ABORT#  BACKUP# 
CANCEL#  and  RE&'TAKT. 


3.39  tt^iptnanr;#)  cantrset.  The  contrast  between  the  background  and  a  figure 
equals  the  diffezance  between  the  higher  lusulnance  (LI)  and  the  lower 
luminance  (L2)  divided  by  the  lower  Xuainence  (L2) ;  i.e.# 

c.iufix 

1*2 

Conversions  to  the  other  contrast  formulae  are  as  follows:  M 


**1 

L2 

i»l^h2 

h 

(brighter) 

(dimmer) 

**2 

LlSLj 

100 

50 

1.0 

0.50  (50%) 

0.33 

2.0 

100 

25 

3.0 

0.75  (75%) 

0.60 

4.0 

100 

10 

9.0 

0.90  (90%) 

0.82 

10.0 

3.49  |iiUB,i,nanrJl .ratio  ..(MV)  .  Tha  ratio  of  the  target#  subject  or  symbol 
luaiaenoe  to  the  surrounding  field  or  background  luminance.  For  projection 
syateas#  the  lumlnence  ratio  is  equal  to  the  light  outpmt  of  a  projector 
(sMiaouted  with  no  film  in  the  projector)  reflected  off  the  screen  (image 
luminance)  divided  by  all  the  light  falling  on  the  ecreen  (measured  from  the 
greeteat  viewing  angle)  other  than  that  actually  forming  the  image  (nonisage  ' 
beckground) ;  i.e.# 


L#  where:  L  -  image  or  subject  luminance 

Lj^  l*n  *  Non  image  or  background  luminance 


3.41  Macro .  The  capability  to  allow  the  user  to  aesign  a  single  name  or 
function  key  to  a  defined  series  of  commands  for  use  with  subsequent  comSMsnd 
entry.  Sometimes  called  "smart  key*  or  '‘script.*  Examples  of  use  are  storag 
of  addresses  or  signature  blocks  that  are  frequently  used.  Usually  initiated 
through  uee  of  e  function  key. 


3.42  Mair.rainabiUfy.  daeinn  for.  Design  considerstions  directed  toward 
achieving  those  combined  ctiarecterietica  of  equipment  and  facilities  which 
will  enahls  the  accomplishment  of  necessary  smintsnanca  quickly,  safely# 
accurately#  and  effectively  with  miniaMm  requirements  for  peraonnel#  skills 
special  tools#  and  cost. 
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5. 3. 5. 5  eonfni:.  In  salectlng  words  to  be  used  in  audio 
warning  signals r  priority  shall  be  given  to  intelligibility,, 
aptness#  and  conciseness  in  that  order. 

5. 3. 5. 6  Critical  warninag  and  meaa*^**  priorities. 

5. 3. 5. 6.1  Critical  waraino  aionala .  Critical  warning  signals 
shall  be  repeated  with  not  more  than  a  3-second  pause  between 
messages  until  the  condition  is  corrected  or  overridden  by  the  crew. 

5. 3. 5. 6. 2  Maaaage  ariotitita.  a  message  priority  system  shall  be 

established  and  more  critical  messages  shall  override  the 
presentation  of  any  message  occurring  below  it  on  the  priority  list. 
If  two  or  more  incidents  or  malfunctions  occur  simultaneously#  the 
message  having  the  higher  priority  shall  be  given  first.  The 
remaining  massages  shell  follow  in  order  of  priority.  In  the  event 
of  a  conplata  subsystem  failure#  the  system  shall  integrate  previous 
messages  via  electronic  gating  and  report  the  system  rather  than  the 
caefKment  failure .  ~  - -  . 

5.3.6  CaatcQl,a.,.foi  aiadift  warning  dCYlcca. 

5.3.6.1  ftiiffimrir  or  raaniUl]  Ihiir-nff.  wrhan  an  audio  signal  is 
designed  to  persist  as  long  as  it  contributes  useful  information#  a 
shut-off  switch  controllable  by  the  operator#  the  sensing  mechanism, 
or  both#  shall  be  provided#  depending  on  the  operational  situation 
and  personnel  safety  factors. 

5.3.6.2  yeae^ .  Nhether  audio  warning  signal  are 
designed  to  be  terminated  automatically#  by  aianual  control#  or  both# 
an  autcmatic  raaat  function  shall  be  provided.  The  automatic  reset 
functitm  shall  be  controlled  by  the  eeeaing  manhanAam  which  shall 
recycle  the  aignal  system  to  a  apacified  condition  as  a  function  of 
time  or  the  atata  of  the  signalling  aystem  so  that  the  warning 
device  can  sound  again  if  the  condition  repeats. 

5 >3. 6.3  Radunriint  VjJtml  Wainino.  All  non-varbsl  sural 
annunciations  shall  be  accompanied  by  a  visual  annunciation  which 
definaa  tha  condition.  In  a  cockpit,  this  may  be  an  illuimlnated 
display.  In  tha  caaa  of  a  warning  horn  on  a  baching  vehicle#  the 
vehicle's  backward  motion  is  adequate  visual  annunciation. 

5.3. 6.4  Vnltirait  rmirrnT- 

5. 3. 6. 4.1  Automatic!  or  mnnuni .  The  volume  (loudness)  of  an  audio 
warning  signal  abaXl  be  designed  to  be  controlled  by  the  operator# 
the  sensing  mechanism#  or  both#  depending  on  the  operational 
situation  and  parsonnal  aafaty  factors.  Control  movettmnts  shall  be 
restricted  to  prevent  reducing  the  volume  to  an  inaudible  level  or 
increasing  it  to  an  unacceptably  high  level. 

5.3. 6.4.2  ttanginCT  t.n  mnde  nwitehen .  Volume  Controls  may  be 
ganged  to  mode  switches  to  provide  maxiovum  output  during  mission 
phases  in  which  intense  noise  may  occur  and  to  provide  reduced 
volume  at  other  times.  Ganging  shall  not  be  accomplished  if  there 
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is  a  possibility  that  intsnse  noise  stay  oqcur  in  an  eaaxgency' 
situation  during  a  mission  phase  in  which  the  volume  would  be 
decreased  below  an  audible  level. 

5. 3. 6. 4. 3  Caution  signal  controls.  Audio  caution  signals  shall 
be  provided  with  manual  reset  and  volume  controls. 

S  3.6.5  Dugatipn .  Audio  warning  signal  duration  shall  be  at 
least  0.5  second,  and  may  continue  until  the  appropriate  response 
is  made.  Coaqpletion  ot  a  corrective  action  by  the  operator  or  by 
other  means  shall  automatically  terminate  the  signal. 

s.3.6.6  Duration  m  an  emorgancy  situation, 

signals  that  persist  or  Increase  progressively  in  level  shall  not 
be  used  if  manual  shut*o££  may  interfere  with  the  corrective, 
action  required. 

5.3.7  ♦•ranjtmi  fieiQn  ficnvinmftnt  . 


5. 3. 7.1  Fregiietiny .  Microphones  and  associated  system-input 
devices  shall  respond  optimally  to  that  part  of  the  speech  spectrtsa 
most  eseentiel  to  intelligibility  ti.»e.,  200  to  6,100  Hs)  .  Hhere 
system  engineering  necessitates  speech-transmission  bandwidths 
narrower  than  200  to  6,100  Hr,  tha  mini, mum  acceptable  frequency 
range  shall  be  250  to  4,000  Hr. 

5. 3. 7. 2  Dynaitn|<p  The  dynamic  range  of  a  microphone  used  % 

with  a  selected  amplifier  shall  be  great  enough  to  admit 
variations  in  signal  input  of  at  least  50  dB. 

s. 3.7.3  Bffitae  cancBiina  aicroohorna^  m  wry  ioud«  lew 
frequency  noise  environments  (100  overall),  noise  canoeliag 
t&lcrophones  shall  be  used  and  shall  be  datable  of  effecting  an 
Improvemant  of  not  less  than  10  dB  peak-speech  to  root-meen- 
sq^re-noise  rstio  as  compared  with  non-nolse-canceling 
micrdpl»3nes  of  equivalent  trantedssion  cbarecteristics . 

5. 3. 7. 4  Pre-eotph^niM  if  neccssary,  speech  system  input 
devices  should  employ  frequency  pre-eepbesio  with  a  positive  slope 
frequency  characteristic  no  greater  than  l6  dB  per  octave  from  140 
to  1,500  Hr,  and  no  greater  than  9  dB  per  octave  over  the 
frequency  range  1,500  to  4,600  Hr,  when  no  clipping  is  used. 

5. 3.7. 5  Paak-cllPBinft  ftf  so—eh  eiemeie-  Nhere  speech  signals 
are  to  be  transmitted  over  channels  showing  less  thsn  15  dB  peak 
speech  to  root-taaan-square-nolse  ratios,  peak  clipping  of  12  to  20 
dfi  may  be  employed  at  system  input  and  may  be  preceded  by 
frequency  pre-emphasis  as  specified  in  5. 3. 7. 4. 

5.  3.7.6  Kolae  When  the  talker  is  in  an  intense  noise 

field,  the  microphone  should  be  put  in  a  noise  shield.  Noise 
shields  should  be  designed  to  meet  the  following  requirements: 
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5.5.5  ef  . 

5. 5. 5.1  ftlAek  gharaetfera.  Where  the  ambient  iilxiainance  will 
be  above  10  lux  (0.9  ft**c) ,  black  characters  shall  be  provided  on 
a  light  background. 

5. 5. 5. 2  n>trk  adaptation.  Where  dark  adaptation  is  required, 
the  displayed  letters  or  numerals  shall  be  visible  without 
interfering  with  night  vision  requirements.  Where  possible, 
markings  shall  be  white  on  a  dark  background. 

5. 5. 5. 3  style .  Style  of  label  characters  shall  conform  to 
MIL-M-'18012,  where  consistent  with  5. 5. 5. 4,  5. 5.5. 5,  5. 5. 5. 7,  and 
5. 5. 5. 8,  herein. 

5. 5. 5. 4  Capital  va  lower  eaae. 

5. 5. 5. 4.1  tatieia.  XiSbela  shall  be  printed  in  all  capitals; 
periods  shall  not  be  used  after  abbreviations. 

5.5.5.4.2  li^genda  Legends  shall  be  printed  in  all  capitals; 
periods  or  commas  shall  not  be  used. 

5. 5. 5.4. 3  Placards .  Instructional  material  placards  may  employ 
capitals  and  lower  case  when  the  amount  of  material  consists  of 
several  lines;  however,  for  short,  instructional  material,  all* 
capitals  are  preferred,  hll-capital  material,  consisting  of 
larger  caps  for  the  initial  letter  in  a  paragraph,  line  of 
instruction  or  procedural  step,  nay  be  used. 

5. 5.5. 4. 4  fiigns .  Signs  shall  consist  of  all~capital3,  except 
when  -the  sign  is  Instructional  and  involves  several  lines  of 
extended  sentences,  in  which  case  capitals  and  lower  case  letters 
may  be  used. 

5.5.5.5  Letitgg  width.  The  width  of  letters  should  be  3/5  of 
the  height,  except  for  "M**  and  '^W,  which  shall  be  4/S  of  the 
height,  and  **1”,  which  shall  be  one  stroke  wide. 

5. 5.5. 6  wtdgh.  The  width  of  nuBMirals  shall  praferahly 
ha  3/5  of  tho  height,  except  for  the  ^4",  which  shall  be  one 
stroke  width  wider,  and  the  **1”  which  aball  be  one  stroke  wide. 

5. 5. 5. 7  widfe  chmracemrg-  Where  conditions  indicate  the  use  of 
wider  characters,  as  on  a  curved  surface,  or  where  numerals  must 
be  aligned  vertically  in  columns,  the  basic  height^to^width  ratio 
may  be  increased  to  as  much  as  1:1. 

3. 5. 5. 6  Stroke  width,  normal .  For  black  characters  on  a  white 
(or  light)  background,  the  stroke  width  shall  be  1/6  to  1/7  of  the 
height. 
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5. 5. 5. 9  strokft  wiettih.  riat-k  jitiMPiiatitQn.  Where  dark  adaptation 
is  required  or  legibility  at  night  is  a  critical  factor,  and 
white  characters  are  specified  on  a  black  background,  the  stroke 
width  of  the  characters  shall  be  from  1/7  to  1/8  of  the  height 
(i.e.,  narrower  than  specified  for  norioal  daytime  vision).  The 
stroke  width  shall  be  the  same  for  all  letters  and  numerals  of 
equal  height. 


5.5.5.10  Stroke  , width.,  tranajLllrnnlnetcd  chagactera.  For 
transilluminated  characters,  the  stroke  width  shall  be  1/10  to 
1/11  of  the  height. 

5.5.5.11  Charan^er  ^pweing.  The  iBinimua  Space  between 
characters  shall  be  one  stroke  width. 

5.5. 5. 12  Word  -sparing .  The  mioimum  Space  between  words  shall 
be  the  width  of  one  character. 


5.5.5.13 


be  one-half  character  height. 

5.5.5.14  Label  fsiae  ..va 


numerals  shall  conform  to  Table  XII. 


The  minimum  space  between  lines  shall 


The  height  of  letters  and 


5.5.5.15  Cbaracter  beiaht.  and  jfianipc.  digtange.  For  general 
dial  and  panel  design,  with  the  luminance  normally  above 
3.5  cd/m*(l  ft),  character  height  should  be  not  less  than 
0.006  X  the  viewing  distance. 

5.5.6 

5.5. 6.1 


5.5. 6.1.1.  GeaeraJL . requirementa .  Each  unit,  assembly, 
subassembly  and  part  shall  be  labeled  with  a  clearly  visible, 
legible,  and  meaningful  name,  number,  code,  mark  or  symbol,  as 
applicable . 

5.5. 6.1.2  LocAtiOh.  The  gross  identifying  label  on  a  unit, 
assembly  or  major  subasseadsly  shall  be  located: 

a.  Externally  in  such  e  position  that  it  is  not  obscured  by 
adjacent  items . 

b.  On  the  flattest,  most  uncluttered  surface  available. 

c.  On  a  main  chassis  of  the  equipment. 
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c.  The  units  of  measurement  (e.g./  voXtSr  psir  meters) 
shall  be  labeled  on  the  panel. 

d.  Labels  shall  be  used  to  identify  functionally  grouped 
controls  and  displays.  The  labels  shall  be  located  above  the 
functional  groups  they  identify.  When  a  line  is  used  to  enclose 
a  functional  group  and  define  its  boundaries ,  the  label  shall  be 
centered  at  the  top  of  the  group  either  in  a  break  in  the  line 
or  just  below  the  line.  When  colored  pads  are  used>  the  label 
shall  be  centered  at  the  top  within  the  pad  area. 

e.  Label  location  throughout  a  system  and  within  panel 
groupings  shall  be  uniform. 

f.  Adjacent  labels  should  be  separated  by  sufficient  space 
so  they  are  not  read  as  one  continuous  label. 

5.5.6.2.5  Hiegerehigei  labeling.  A  hierarchical  labeling 
scheme  should  be  used  on  control  and  display  panels  to  reduce 
confusion  and  search  time.  Major  labels  should  be  used  to 
identify  major  systems  or  operator  work  stations  and  con^nent 
labels  should  identify  each  panel  or  console  element .  Labels 
should  not  repeat  information  contained  in  higher- level  labels. 

5.5.6.2.6  siee  ogarttiAtion .  To  reduce  confusion  and  operator 
search  time,  labels  shall  be  graduated  in  sire.  The  characters 
in  group  labels  shall  be  larger  than  those  used  to  identify 
individual  controls  and  displays.  The  characters  identifying 
controls  and  displays  shall  be  larger  than  the  characters 
identifying  control  positions.  With  the  smallest  characters 
determined  by  viewing  conditions,  the  dimensions  of  each 
character  shall  be  at  least  approximately  25  percent  larger  then 
those  of  the  next  smaller  label. 

5.5. 6.2.7  Otfiirhwii  ztesis  that  are  located  overhead 

and  out  of  view  should  be  identified  with  labels  on  walls  with 
an  arrow  pointing  in  the  direction  of  the  item  or  by  a  label  on 
the  floor  directly  below  the  item. 

5.5. 6.3  stQiragi>  pahinetM .  The  contents  Of  storage  cabinets 
should  he  labeled  on  the  outside  of  the  cabinet  door.  For  large 
storage  cabinets,  labels  should  be  placed  at  standing  eye 
height,  i.e.,  from  1.270  to  1.650  maters  <50  to  65  inches)  above 
the  standing  surface.  A  prominent  redundant  label  that 
identifies  the  cabinet's  contents  should  be  visible  when  the 
door  is  open. 
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5.13  Hatartia  anci  aaffity. 


5.13.1  General .  Design  shall  reflect  the  safety  related  b\man 
engineering  criteria  below  as  well  as  in  other  sections  of  this 
standard. 


5.13.2  Safety  labela  antijiacarda. 

5.13.2.1  Warning  Placards.  Conspicuous  placards  shall  be 
mounted  adjacent  to  any  equipment  which  presents  a  hazard  to 
personnel  (e.g.,  from  high  voltage^  beat«  toxic  vapors,  explosion, 
radiation) . 


5.13.2.2  Center-ef~araviry  and  vetght.  Where  applicable,  the 
center  of  gravity  and  the  weight  of  equipment  shall  be  distinctly 
marked. 


5.13.2.3  Weight  capacity .  The  %taight  capacity  shall  be 
indicated  on  stands,  hoists,  lifts,  jacks,  and  alallar  weight¬ 
bearing  equipment,  so  as  to  prevent  overloading. 

5.13.2.4  Identigicatipa. of  .pgatectiYw..4.fceaa .  Areas  of 
operation  or  maintenance  where  special  protective  clothing,  tools, 
or  equipment  ate  necessary  (e.g.,  insulated  shoes,  gloves,  suits) 
shall  be  specifically  identified. 

5.13.2.5  ’*WQ-Sgggr,  narkinoa  .  "ND-step*  markings  shall  bs 
provldsd  whan  nscsssary  to  prevent  injury  to  personnel  or  damage 
to  equipment. 

5.13.2.6  All  rscsptacles  shall  be  marked 
with  their  voltagu,  phase,  and  frequency  characteristics,  as 
appropriate,  for  other  electrical  labeling  and  warning 
requireaanta,  aee  NI1.-STD-4S4, 

5.13.2.7  Baafli  ggaap  Agmia.  Hand  grasp  areas  shall  be 
conspiottously  and  unambiguously  Identified  on  the  equipment. 

5.13.3  Pine,  hose,  and  tube  line  ldant:lflc>at!if.n.  Plp«,  hose, 
and  tube  lines  for  liquids,  gas^  and  steam  shall  be  clearly  end 
unambiguouely  liUawled  or  coded  as  to  contents,  pressure,  heat, 
cold,  or  other  specific  hazardous  properties  in  accordance  with 
HIL-STD-1247 . 

5.13.4  General  workspsee  hazard* . 

5.13.4.1  Alerting  deviea.  A  hazard  alerting  device  shall  be 
provided  to  warn  personnel  of  impending  danger  or  existing  hazards 
(e.g.,  fire,  the  presence  of  combustible  or  asphyxiating  gas,  and 
radiation) . 

5.13.4.2  Emeroenctf  doors  anrt  ftrit-s.  Emergency  doors  and  exits 
shall  be  constructed  so  that  they: 
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A.  «re  sis^le  to  operate# 

b.  are  readily  aeceaaible# 

c .  are  unobstructed# 

d.  are  simple  to  locate  and  operate  in  the  dark# 

e.  are  quick  opening  in  three  seconds  or  less# 

require  44  to  133  H  (10  to  30  lbs)  of  operating  force  to 

open# 

g.  do  not  thesuielves#  or  in  operation#  constitute  a  safety 
hasard#  and 


h.  permit  one  person  egress  in  5  seconds  or  less. 

5.13.4.3  ■  Stairs#  including  incline#  step  risers#  and 

treads#  shall  conform  to  standard  safe  design  pcnetice,  9kid«psoo£ 
flooring#  stair#  and  step  treads  shall  be  provided. .  Where 
conditions  warrant  special  precaution,  surfaces  shall  conform  to  the 
nonslip  coating  requirements  of  iCCli<*w»5044  and  Hll**4r'>50S0 . 

5 <13. 4. 4  fa>atroctiQtti.  Workspace  around  areas  where  maintenance 
is  performed  shell  be  free  of  obstructions  which  could  cause  injury 
to  personnel#  either  through  accidental  contact  with  the  obstruction 
or  beoseee  the  oketsuotioa  requires  an  ewkwerd  or  dangerous  body  | 
position. 


5.13.4.5  .  Adsqrite  illuminetion  shall  be  pfovidsd 
in  all  areas.  Warning  placards#  stsirways#  and  ell  hesardous  areas 
shall  be  illiudneted#  in  edcordance  with  the  recoaneended  iewela  of 
Table  WXZ. 

5.13.4.6  YhhaaaJ.  cnnhifsti  h>y.arftff.  equipaeat  witioli,  in  normal 
opesetlon#  erpoeea  pereoanel  to  surface  teiqperetoree  greeter  or  leas 
than  those  shown  below#  shell  be  eppreprietely  goardMid.  Surface 
temfMiretures  induced  by  climetic  environment  are  ekeapt  from  this 
requirement.  Cryogenic  systmes  shell  also  be  etq>roprietely  guarded. 


Temperature  limits 

T**» 

Homantexy  contact 

60*  C 

66*  C 

85*  C 

(140*  P) 

(154*  f; 

(185*  F) 

Prolonged  contact 

49*  C 

59*  C 

69*  C 

or  handling 

(120*  t) 

(138*  F) 

<1S6*  F) 

Hooentary  contact 

0*  C 

0*  C 

0*  C 

(32*  F) 

(32*  F) 

(32*  F) 

Prolonged  contact 

0*  C 

0*  C 

0*  C 

or  handling 

<32*  F) 

(32*  P) 

(32*  F) 
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ESD**TR->63~403  Psychoacoustic  Spaech  Test:  A  Modified 

Rhyme  Test  (AD  411  983) 

BSD  TR  86-278  Guidelines  for  Designing  User  Interface 

Software  (AD-A  177  198) 

RADC-TDR-62-31S  Criteria  for  Group  Display  Chains  for  The 

1962-1965  Time  Period  (AD  283  390) 

WAOC  TR  52-204  Handbook  of  Acoustic  Noise  Control 

<AO  018  260  and  AO  012  015) 

UADC  TR  55^159  Space  Requirements  of  the  Seated  Operator 

(AO  087  892) 

NADC  TR  58-474  The  Effect  of  Team  Size  and  Intemember 

Communication  on  decision-Making  Performance 
tAD  219  621) 

WADD  TR  60>«>614  Audio  Naming  Signals  for  Air  Force  Weapon 

Systems  (AD  258  477) 

60  NATIONAL  AERONAUTICS  AND  SPACE  ADMINISTRATION  PUBLICATIONS 

a 

60.1  fitandarda 

Copies  of  the  following  documents  can  be  obtained  by 
qualified  requesters  from  MSIS  Custodian/SP34,  NASA- Johnson  Space 
(h»oter,  Houston^  TX  77058 

NASA-STD-3000,  Volittie  I  Man-Systems  Integration  Standards 

NASA-8XD-3000#  Volume  II  Man-systems  Integration  Staxidards- 

Appendicas 

60.2  Book 

Copies  of  the  following  document  can  be  obtsinsd  from  the 
Superintendent  of  Documents,  U.S.  (Sovernment  Printing  Office, 
Washington  DC  20402 

NASA  SP-3006  Bioastronautics  Data  Book,  Second  Edition, 

J.F.  Parker  and  V.R.  west,  eds. 
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« 

70  VOLONTAEY  STANDARDS  AND  GUIDES 

70.1  Aini»rlf;an  Natilonal  Stiandayriw  Tnatiliufcg  fAWSlI  .  Copies  o£ 

ANSI  A12.1,  A14.3,  C2,  and  Z136.1  can  be  obtained  at  a  nominal 
cost  from  the  ANSI,  11  Nest  42nd  Street,  New  York,  New  York 
10036.  Copies  of  ANSI  SI. 11  can  be  obtained  at  a  nominal  cost 
from  the  Professional  Book  Distributors,  Inc.,  ASA  Standards 
Distribution  Center,  1650  Bluegrass  Lake  Parkway,  P.O.  Box  €996, 
Alpharetta,  Georgia  30239-6996 


ANSI  A12.1 

ANSI  A14.3 
ANSI  C2 
ANSI  SI. 11 

ANSI  Z136.1 


Floor  and  Nall  Openings,  Railings,  and 
Toeboards,  Safety  Requirements  for 

Ladders-Fixed-Safety  Requirements 

National  Electrical  Safety  Code  (NBS  H30) 

Specification  for  Octave-Band  and 
Fractional -Octave-Band  Analog  and  Digital 
Filters  (ASA  65) 

Safe  use  of  Lasers 


70.2  Aaarictttt  aocicty,  ,XQi.„,lcatiao.,.flnci  .Matexiala.  copies  of  the 
following  documents  can  be  obtained  at  a  nominal  cost  from  the  jam 
American  Society  for  Testing  and  Materials,  1916  Race  Street,  H 
Philadelphia,  PA  19103  ^ 


ASTM  r  1166-6  Standard  Practice  for  KusHun  Engineering 

Design  Criteria  for  Marine  Systesis, 
Equipcsent  and  Facllitias 

70.3  AiaeriRAP . Socitty  .ot.gtfttinc*  RRfrigextttiD8..aflm,.Mgr. 

C.onditiQniaaJSncineRra^  (DSBBAE,)..  copies  of  the  following 
documents  can  be  obtained  at  a  nominal  cost  from  the  ASHRAE, 
1791  Tullie  Circle,  NE,  Atlanta,  6A  30329 


ASBRAB  55-61  Thermal  Environmental  Conditions  for  Human 

Occupancy 

ASHRAE  62-61  Ventilation  for  Acceptable  Indoor  Air 

Quality  Guide  and  Data  Book  (latest 
edition) 
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70.4  Tlliimi  naming  r»rr  Snfflaitiv  fTE5>  nf  Nort^h 

Copies  of  the  following  document  can  be  obtained  at  a  nominal 
cost  from  the  lES,  345  East  47th  Street,  New  York,  NY  10017 

lES  Lighting  HDBK  SEC  9  J^plication-87,  Industrial 

Lighting 

70.5  National  Fire  Protection  Aaeoeiation  (NFPAl  .  Copies  of 
the  following  document  may  be  obtained  from  the  NFFA, 

60  Batterymarch  Street,  Boston,  MA  02110 

NFPA  101  Code  for  Safety  to  Life  from  Fire  in  Buildings 
and  Structures 

80  BOOKS 

The  documents  listed  below  are  normally  available  in  general 
and  technical  libraries: 

a.  h  .CQlXatiQb,, Qf ,  Anthropometry#  w.  Garett  and  K.  w. 

Kennedy.  Aerospace  Medical  Research  Laboratory,  Wright '^Patter  son 
Air  Force  Base,  Ohio.  1971.  (2  Volumes)  (AD  723  629;  Library  of 

Congress  Catalog  Card  No.  74-607816) 

b.  Pljceetions  Huaan/CQmpufcp.r  Xnfcecast.\on.  a.  sadre  and 
B.  Schneiderman,  Eds.,  Ablex  Publishing,  Norwood,  NJ,  1982 

c.  rondaBaniaia  oC , iatftgAcU v  CoBaawuir  CeapIUcs »  j.  o. 
Foley  and  A.  Van  Dam,  AddisonHWesley,  Reading,  KA,  1982 

d.  rseneral  Safety  RegulreiBents  -  u.S.  Army  libgineer  Manual 
385-1-1. 


e.  Human  Engineering  .oeaiga,  .tor  ViauAl,  OifiBiays, 
D.  Meister  and  D.  J.  Sullivan,  The  Bunker-Ramo  Corp.,  Contract 
No.  N000146e-C-027E,  Nork  Unit  No.  NR196-080  (AD  693  237), 
Office  of  Naval  Research,  30  August  1969. 

f.  Human  Engineering  Guide -to  Eoutpagnt  .Dealgn  -  h.  P.  van 
Cott,  and  R.  G.  Klnkade,  eds.,  Wiley,  60S  Third  Ave.,  New  York, 
NY  10156,  1972  (Library  of  Congress  Catalog  Card  No.  72600054) . 
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I  fTT*  rrn  *  *0*1 


-  Latest  Edition,  American  Conference  of  Governmental 
Industrial  Hygienists,  Committee  on  Industrial  Ventilation, 
P.O.  Box  453,  Lansing,  Michigan. 


(lES),  latest  edition. 


l,  Illuminating  Engineering  Society 


i.  spfrvare  Pavehoioov:  Hviman  Factors  in  Computer  and 
Information  Systems.  B.  Schneiderman,  Hinthrop  Publishers, 
Cambridge,  MA,  1960. 

j.  Symbol ,..fiom:ct..aoah,  H,  Dreyfuas,  1972,  McGraw-Hill 
Book  Company,  Library  of  Congress  Card  No.  71-172261. 


k.  Thft  Himin  Botiy  in  figuiamftat.  Omaian^  Oamon,  H.  w. 
Stoudt,  and  R.  A.  McFarland,  Harvard  Dniversity  Preaa, 
Cambridge,  Mass,  1966.  (Library  of  Congress  Catalog  Card  No. 
65-22067) . 

l.  Engineering  Anthropomptirv  Methods.  J.  A.  Roebuck,  K. 
K.  E.  Kroemer  and  H.  G.  Thomson,  John  Hiiey  and  Sons,  New 
York,  NY  1975  (Library  of  Congress)  Catalog  Ti^o.  74-34272.) 

Copies  of  specification,  standards,  and  other  publications 
required  by  contractors  in  connection  with  specific 
procureskeiu:  functions  should  be  obtained  from  the  procuring 
agency  or  as  directed  by  the  contracting  officer. 

Technical  society  and  technical  association  specifications 
and  standards  are  generally  available  for  reference  from 
libraries.  They  are  also  distributed  among  technical  groups 
and  using  Federal  Agencies. 
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form  Apftrtwtd 
OMt  Mo.  07044 
BMfiirts  Dtt  31, 


PMii  uporing  fciiwiin  (or  tM»  cellocMon  o(  M(onnolion  it  tttMwitoO  lo  ovtfogt  JO  mlnwtci  po>  mpcwito.  Hxtuitifig  t(i*  imh*  (or  fovimiwj  inMrutuont.  Morctong  tMotmo  dou  t 
gotdtrMg  onO  oumuHiIng  iho  dot*  wotdid.  ond  tomoioting  mm  miowing  tho  colloaion  o(  mlorinoiian  tond  cooMwmt  toguOng  Hin  bunton  oMimolo  or  ony  othtr  oiaoa  o(  dMt  col 
o(  mfomwion,  Irwlwdiivo  inoOfOUioiw  (or  roOmiiw  rhit  burdon,  lo  Wothmgton  Hoodoairtort  towtcn.  0<r«<torolo  (or  lo(or<iiotio«  O^tnont  mM  Oodom.  1i1lM((ono<<  Oow»llig(i»'0| 
1104.  Arlm^on.  VA  IIHI jjOl.  MM  to  tlM  0(fiw  o(  Mtnogoimnt  and  ludgot.  Otoarwora  Aodutlion  arortot  (0(0^110).  Waahmgton.  OC  MfOJ  Moaao  00  MOT  ACTUON  yotir  ( 
•Hlitf  ot  thowaddraiaov  tend  your  congdolod  form  to  addrnt  m  Item  t  o(  inttructiom. 


1.  CUSTOMER  WUMIEW  <M*n<i»tofY  fw  Orders  to  txfitdite  ttqutsts).  CAGE  CODE.  OR  UlC  NUMtCR 


2.  YOUR  ADDRESS  (Mnt  or  Type) 


W  YOUR  ADDRESS  NAS  CNAMGED.  X  TINS 
RIOOC 


9.  AYTENTtON: 


l\ 


ijl  4.  OOCUMEWTS  RtQUESTEO 


a  STANOARDIEATION  DOCUMENT  NUMRER 

b.  QUANTITY 
(KettrMtd  so  5) 

c.  TITLE 

(from  OoD  inde*  of  SpetKketiont  *ntt  Standenjs} 

. . 

. - .  .  .  . 

1.  PfUNT  OR  TVPE  All  IHNORMATIOM 

2.  Enter  your  tuitomtr  number.  CAGE  (formerly  FSCM).  or  UiC 
(tumber  et  the  tob  of  Uui  form  it  will  exitedtte  your  o^«r 

3.  If  you  heve  a  ciiitomer  number,  ute  the  Telephone  Order 
Entry  System  (TOES)  for  telephone  orders:  (2l5)697>f  tt7 
between  the  hours  of  I  a  m  and  •  p.m.  Eastern  Sundard 
Time,  Monday  through  Friday  See  *G  >dc  to  Rrtuate 
Industry*  for  dmils 


0  Non  Government  Standardiaanon  Ootumenti  will  not  be 
furniihed  to  tommeroal  concerns  Copies  may  be 
purchesed  from  the  appropriate  Non  Gouemment 
StanderdiRody 

7.  Questioni  concerning  documents  not  listed  in  the 
Oepertment  of  Oetenw  indev  Of  Soerifieattont  and 
Standards  (OOOISS)  or  OOOISS  Notice  should  be  directed 
to:  NffC  Ann:  Code  tOS  Telephone:  (}tS}697-2fi67  or 
(2l5)E97-}t79 


4  Documents  ordered  mutt  appear  m  the  OoO  indea  of 
Specificationi  and  Standards  (DODISS)  or  OOOiSS  Notice 
Requests  submitted  on  this  form  will  speed  service.  ReorcSer 
forms  Will  be  enclosed  witii  each  shipment. 


R  Furtlier  information  may  be  obtained  from  NPfC  *Guide 
to  Private  Industry  .*  Order  etGUiO€>t 

9  FORWARD  REQUEST  TO 


5  Requests  fbr  Official  Use  Documents  or  documents  without 
Distribution  Statement  *A*  must  be  submitted  via  cogmeent 
OOD  inspection  Officer  or  Contract  Administrator  for 
certification  of  'need  to  know  * 


S.  SX3NATURE  OF  REQUESTER 


R. 


Sundardiiation  Document  Order  Desk 
TOO  Robbins  Avenue 
Ruilding  #4.  Section  D 
Philadelphia,  pa  t9lll-S094 


DATE  SIGNfO  (TYMMOO)  Tt: 


ClOSINC  DATE  (YfimtCO) 
(If  3.  RfO.  or  RfP) 


